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INTRODUCTION 
The use of sodium and calcium chlorides for the removal 
or snow and ice from the highway has, while alleviating one 
problem, created another in the damage to adjacent vegetation. 
several New England states are concerned over the loss of sugar 
maples and other roadside trees which, they suspect, are killed 
by salt runoff. NUmerous public agencies including the Nation-
al Park Service, State Highway Departments and municipalities 
are concerned with the loss of, or damage to, both herbaceous 
and woody vegetation adjacent to roadways, walks or parking 
lots where salt is used for deicing purposes. 
While salt has been used for many years as a herbicide 
little thought has been given to the levels of sodium and/or 
chloride ions that are deleterious to desirable vegetation, or 
what may be done to reduce the toxicity of excessive quantities 
once they are in the soil. 
Due to the many complex factors that enter into soil and 
plant responses to specific ions or to variable levels of a 
given ion it appeared that some approach other than with soil 
media must be made in solving this problem. It seemed that a 
solution culture technique offered the best approach due to the 
high degree of control over the greatest number of factors to-
gether with the possibility of visible inspection or the entire 
plant during the experimental work. 
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OBJECTIVE 
The objective of this experiment was to investigate some 
ot the effects on the yield and chemical composition of the 
foliage and roots of Bromegrass (Bromus inermis, Leyss) variety 
Lincoln and Tall fescue (Festuca arundinacea, Schreb.) variety 
Kentucky 31 when treated with sodium chloride at varying cation 
balance ratios. In addition, the effect of varying osmotic 
pressures established by altering the salt concentration of the 
solution on growth, yield and chemical composition of the 
grasses was investigated and compared to equivalent osmotic 
pressures developed by the use of polyethylene glycol. 
REVIEW OF LITERATURE 
Many investigations using soil, sand or solution culture 
techniques have been made to determine the effects of salts on 
both herbaceous and woody plants. However, results were fre-
quently diverse or, at times, contradictory when different 
media are compared. 
Hewitt (12) and Hoagland and Arnon (13) point out that 
solution culture techniques have been used for many years pri-
marily for the study of nutritional problems. Hoagland and 
Arnon (13) stated that these experiments have led to the deter-
mination of the chemical elements essential for plant life, 
thereby profoundly influencing the practice of soil management 
and fertilization for purposes of crop production. While these 
techniques have been developed primarily for agronomic and 
horticultural crops they have been modified by Roberts (30) and 
others (7, 25, 31) for use with turfgrasses where the objective 
was to establish a community of plants competing for light, air 
and nutrients in a manner similar to soil culture. Troughton 
(36) noted that growth responses of grass plants in close 
association with one another differed from those plants cul-
tured individually or widely spaced when both were subjected to 
clipping practices. 
SOlution culture techniques offer several advantages for 
the study of turfgrass problems. Hewitt (12) observed that 
close control of nutrient composition and pH are easier in 
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solution culture than sand. It is also possible to examine 
root systems at any t1me. He noted that changing solutions is 
less important in solution culture if water loss is restored 
and nutrient balance retained and also that a lower concentra-
tion of nutrients is required for solution culture when com-
pared with sand culture. Aeration is of benefit even if only 
to stir the solution but it requires specialized equipment 
which increases research costs. One of the disadvantages is 
that in sand or soil because iron precipitates quite readily 
from the solution and falls to the bottom of the container 
where it is of little or no use to the plant. Another dis-
advantage is that direct correlation between results of solu-
tion, sand and soil culture are difficult if not impossible to 
make. As Chapman and Liebig (6) reported in 1940: 
"External and internal conditions for nutrient 
absorption and utilization being favorable, nutrient 
adequacy is probably determined by the frequency of 
collision of nutrient ion with unit absorbing root 
surface. Frequency of collision, in turn, is deter-
mined not alone by the concentration of the ion in 
question, but also by its diffusion rate, the concen-
tration of other ions and mass movements of the whole 
solution. Obviously, stirring the nutrient solution, 
the root being motionless, increases the frequency of 
collision of nutrient ion with absorbing surface and 
thus produces the same effect as an increase in con-
centration." 
The authors also noted there is no comparable condition in 
soils. 
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Sodium Chloride 
A previous study by Zybura (38) set forth 11 assumptions 
regarding the concentration of sodium chloride in roadside 
soils in Iowa. Among those assumptions were& Fifty per cent 
of the salt applied to the pavement was carried off by traffic; 
of the salt that remained on the pavement 25 per cent (of the 
original amount applied) was carried off in surface water 
while an equal amount remained in contact with the soil; of 
this, fifty per cent leached through and the balance (twelve 
and one half per cent of the original) remained in the soil; 
and lastly that --
"only five feet of shoulder on each side of the 
pavement and ten feet of median adjacent to the 
pavement (total 30 feet) should be considered 
important in salt contamination of roadside 
soils." 
His soil samples were taken in January and April 1965. Prior 
and Berthouex (28) subnitted data from their study in Connecti-
cut, where quantities of salt comparable to those noted by 
Zybura were applied to the highway, which showed substantially 
higher percentages held in the soil and that high concentra-
tions were found as far as 50 feet from the edge of the pave-
ment. They also noted that there were different patterns in 
the movement of sodium and chloride ions with sodium being re-
tained by the clay colloids while the chloride rapidly leached 
through. Hutchinson and Olson (16) in their work in Maine also 
noted different patterns in the ion movements and greater 
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extent of high salt concentration than did Zybura in Iowa. In 
a four-year study conducted in Massachusetts by Holmes et al., --
(14) sodium chloride was applied weekly for 15 weeks in the 
winter to sloping roads (superelevated curves) bordering woods 
and throughout the entire year to selected trees at the rate of 
ten pounds per tree per week. It required over four years of 
weekly applications to kill a selected four-inch sugar maple 
tree. The soluble salt content of the soil under this tree 
was 800 ppm while the symptomless trees that had 15 weeks of 
winter applications for four years had 0 to 15 ppm soluble 
salts. In a later study by Holmes ~ !!•• (15) grass was 
killed under trees treated weekly with ten pounds of salt per 
tree per week for two years. 
Thomas (35) reported that in 1964 after one year of salt-
ing on roads and parkways in Washington, o.c. and vicinity he 
could find no evidence of injury to turfgrass or shrubs 
although the soluble salt content of the soil ran from 1860 
ppm at two feet from the curb to 120 ppm at 12 feet, in one 
instance, and 2580 to 870 respectively in another. The follow-
ing year, damage was observed on bluegrass in several areas. 
This report pointed out the following nine factors as having a 
bearing on sodium chloride injury: (1) Amount of sodium 
chloride applied to roads, (2) Amount of sodium chloride 
reaching vegetation, (J) Water availability, (4) Temperature, 
(5) Wind, (6) Soil characteristics, (7) Plant dormancy, (8) 
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Plant tolerance, (9) CUmulative effect • 
• From the work of Holmes (14, 15) it was evident that the 
greater factor preventing the movement of salt into the soil 
was frost. Stoeckler and Weitzman (34) made three classifica-
tions of frost in the soil. Of these "concrete .. frost was 
characterized by extremely dense freezing with many ice lenses 
and small crystals of ice which effectively block air and water 
movement. The other two types of frost were designated as 
"porous-concrete" and "partly-frozen". Both of these were per-
meable to air and were usually present in sandy soils or under 
heavy forest litter. 'rhey found that 11concrete" frost was 
most prevalent in open, grassy areas which was in agreement with 
the findings of Post and Dreibelbis (27). Stoeckler and Weitz-
man (34) reported that infiltration under frozen conditions was 
substantially higher in sandy soils than silt loams. In the 
silt loam soil, "concrete" frost was impermeable or had negli-
gible infiltration for a period of at least an hour. This 
.indicated that, in watersheds with a high percentage of "con-
crete" frost, a rather high runoff might be expected during 
the period of rapid snow melt and spring rains. This sub-
stantiates the finding of Post and Dreibelbis (27) who noted 
microclimate and associated freezing and thawing of the soil, 
both of which were greatly influenced by plant cover, bore an 
important relationship to hydrology of the watershed. 
Prior and Berthouex (28) found that salt concentrations 
in the soil generally decreased as depth increased and that in 
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Connecticut the majority of the salts have usually disappeared 
by April. The salt concentrations continued to gradually 
diminish through the summer and reach their lowest concentration 
just before applications were resumed the following winter. 
A significant build-up in the soil of both sodium and 
chloride ions were found by Hutchinson and Olson (16) in their 
studies in Maine. This series of studies covered highways 
with varying periods of salting from one to 18 years . That sec-
tion of highway that had been salted for 18 years showed an 
average in excess of 700 ppm of sodium for a distance of 15 
feet from the pavement and over 250 ppm at 45 feet both at the 
six inch depth. Chloride levels were above 100 ppm out to 45 
feet also at the six inch depth. They noted that high concen-
trations of sodium ions had an adverse effect on soil struc-
ture and might result in poor drainage and toxic concentrations 
of chloride ions. 
The movement of salts in the soil is closely related to 
the moisture content. Qayyum and Kemper (29) found that in 
soils at or near field capacity the initial movement of the 
water was away from the surface with the salts (NaCl and Cacl2 ) 
moving down into the soil rapidly. When they had become more 
or less uniformly distributed, water tended to move toward the 
surface. This movement of water toward the surface and salt 
into the soil, was progressive with time. They also found 
that a high salt content tended to lower the water-holding 
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capacity of the soil. 
Chlorides 
Meyer and Anderson (24) comment that chlorine seems to be 
of uni versa! occurrence in plants and. is apparently present 
almost wholly as soluble inorganic chlorides. They also note 
that the apparent effects of supplying chlorides to plants may 
be caused by alteration of ionic relationships in the soil or 
culture solution rather than by direct effects of this element 
on the metabolism of the plant. Eaton (9) reported increased 
green weight growth of 35 per cent in tomatoes and 81 per cent 
in cotton. when supplied with three milliequivalents per liter 
of chloride than when only a trace was present. Johnson et al. • --
(19) found that 1.77 ppm of chlorine in the nutrient solution 
increased barley yields. After seven weeks the chloride-defic-
ient plants weighed but 65 per cent of those with added chlor-
ide. 
While small amounts of chloride have increased yields, 
excess amounts may be detrimental. Eaton and Bernardin (10) 
found increased chlorides in aerial portions of barley, cotton 
and tomato when grown in soil as compared to solution cultures. 
They concluded that chloride accumulation was a two-phase 
process. On low-chloride substrates there was superimposed on 
the metabolic uptake a passive-equilibrium accumulation. This 
latter phase involved no expenditure of respiratory energy. 
Wallace (37) reported that when sodium chloride was provided 
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in solution culture much chloride and negligible sodium was 
transported to the leaf. This apparently was accomplished by 
combining with potassium from the root, and the chloride was 
translocated as potassium chloride. Eaton (9) quotes Masaewa 
that the physiological basis for injury was not by chloride 
itself but rather by the fact that excess chloride was taken 
up with calcium and that the normal K/Ca balance was upset . 
Plants also absorb the constituent ions of a saline solu-
tion to varying degrees, again dependent upon the species of 
plants and on the ions present. This may result in toxic ac cum-
ulations of a particular ion or .in a decreased absorption of 
some essential ions. Such toxic or nutritional effects cannot 
be conclusively demonstrated by relating plant growth to plant 
composition. Brown (4) found one per cent chloride by dry 
weight was lethal to peach leaves and 0.5 per cent produced 
serious leaf margin burn . 
Baker (1) in his study of maple decline in Massachusetts 
concluded that chloride and not sodium was responsible for the 
damage. Holmes ~ !!·' (14) are also of the opinion that 
chlorides and not sodium are responsible for the damage to the 
trees in their study in Massachusetts. Plice (26), however , 
stated that salt leached out of the soil rapidly and most sub-
sequent damage was the result of a bad physical condition of 
the soil. He observed that plants can take up many times their 
normal salt content without showing injury. 
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The movement of chloride ions in the soil is facilitated 
by their anionic characteristic which causes their repulsion 
by negatively charged clay particles and organic matter. 
Hutchinson and Olson (16) found chloride levels in the soil 
adjacent to Maine highways had been raised 100 fold over normal 
for soils of the state and that this effect was evident for an 
average distance of 60 feet from the edge of the highway. 
Prior and Berthouex (28) found that chloride concentration was 
generally proportional to the total soluble salt content and 
that there was some tendency for salts to travel laterally 
away from the highway regardless of slope but the most preva-
lent movement is downward. Thomas (35), however, pointed out 
when salt was added to the soil in sufficient quantity, the 
soil would deflocculate and lateral drainage might increase. 
Sodium 
Early work on sodium showed that it was not essential for 
plant growth, but Lehr (22) pointed out that it was important 
from an agrioul tural standpoint. The importance of sodium 
refers chiefly to its catalytic functions in the plant as a 
replacement for potassium or some other unexplained function. 
In another paper (21) he noted that by increasing the supply of 
potassium to ryegrass it substantially reduced the uptake of 
sodium. Later (20) he pointed to an independent function for 
sodium rather than just potassium replacement. This was sub-
stantiated by a yield increase in the presence of adequate 
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potassium. Button and Peaslee (5} noted their data indicate 
the possibility that as a result of sodium ion antagonism the 
uptake of potassium, calcium and magnesium may be suppressed. 
The ultimate damage to the highway may be the adverse 
effect of sodium ions on the physical properties of the soil. 
Sodium disperses colloidal particles so the soil becomes struc-
tureless and lacks aggregation resulting in poor infiltration 
or drainage according to Hutchinson and Olson (16). Russell 
(32} points out that if more than 12 to 15 per cent of the 
exchangeable ions are sodium, difficulties may be encountered 
in keeping the soil permeable. If this rises to 40 to 50 per 
cent exchangeable sodium, not only may these difficulties be-
come greater, but the plant may not be able to take up suffic-
ient calcium for its needs. 
OSmotic Pressure 
Bernstein and Hayward (3) in discussing the physiology of 
salt tolerance stated thata 
"The effects on plant growth of excessive concentra-
tions of soluble salts in the root medium may be medi-
ated by osmotic inhibition of water absorption, by 
specific effects of the constituent ion(s) in the 
saline media, or a combination of the two. Further-
more, specific ion effects may involve direct toxicity 
or a variety of nutritional effects." 
Meyer and Anderson (24) consider reduced water uptake by roots 
due to increased osmotic pressure of the ambient solution as 
primarily an osmotic function with the specific effects of 
ions being of little importance. They also state that the 
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osmotic pressure of the cells may increase under conditions of 
increased osmotic pressure in the root media and that with 
this change the original rate of water uptake may be regained. 
Janes (17) observed an increase in the osmotic pressure of 
juice expressed from bean and pepper plants that was propor-
tional to the increase of the osmotic pressure of the nutrient 
solution. He also noted that the increased osmotic pressure 
of the solution limited the entrance of water into the roots 
which, with continued transpiration, resulted in a loss of 
turgidity of cells. However, the rate of transpiration soon 
balanced with the entrance of water and relative turgidity was 
regained. With the reduction of water entering the roots there 
developed an increase 1n the osmotic pressure of leaf cells due 
to dehydration followed by the accumulation of soluble material 
in the cell. Where NaCl was used in the nutrient solution 
these soluble materials were Na+ and cl- ions. In solutions of 
high osmotic pressure developed by using polyethylene glycol 
and with no large supplies of readily soluble salts the accumu-
lation consisted of soluble organic substances, probably carbo-
hydrates. Bernstein (2) also noted the accumulation of solutes 
in the cell and stated that: 
"Salt tolerance may, therefore, be defined in 
this sense as the degree to which osmotic adjust-
ment can be made without significant sacrifice of 
growth." 
In a study using polyethylene glycol to develop increased 
osmotic pressures Janes (18 ) found tha t a rapid change from 
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low to high osmotic pressure injured the roots and tops of 
plants. Bernstein and Hayward (3) similarly noted that plants 
developing under cool weather conditions may appear to be only 
slightly affected by salinity but a sudden period of hot 
weather may result in wilting and leaf scorch. 
OSmotic pressure, however, is only one factor in the 
absorption of water. Not only do diffusion pressure gradient 
and permeability enter into it but also the absorbing root 
area and the toP-root ratio. Bernstein and Hayward (3) point 
out that shallow-rooted plants or those with large top-root 
ratios will exhibit poorer salt tolerance than deeper rooted 
species or those with low top-root ratios. A decrease in top-
root ratio has been observed with increasing salinity. 
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MATERI ALS AND METHODS 
Bromegrass (Bromus inermis Leyss) and tall fescue (Festuca 
arundinacea Schreb.) or their selected strains are widely used 
for vegetative cover on roadsides and for that reason were 
selected for this study. Forty-five cultures of each grass 
were started on December 3, 1966 using a basic nutrient solu-
tion, Table 1. CUltures were prepared in the manner as des-
cribed by Roberts (30) and others (7, 25, 31) using one gallon 
glazed crooks and a two part plexiglass lid as shown in Figure 
1. Using locally purchased grass seed, approximately 100 pure 
live seeds were sown per culture. Following the sowing of the 
seed, granite chips were applied as shown in Figure 2 to pro-
vide a mulch and also for mechanical support of the grass 
plants. Aeration was supplied by electric air pumps and a sys-
tem of tubing connected to a 4mm inside diameter glass tube 
that extended through a hole in the lid to the bottom of the 
crock, Figure 3. A short section of 0.5 mm glass capillary 
tube was inserted into the line to each crock to limit the 
flow of air. The larger tube in the solution eliminated the 
problem of clogging. Figure 4 shows an established culture 
and the root growth that is typical of grass grown in solution 
culture. 
Cultures were moistened as needed with distilled water 
until the roots extended into the nutrient solution. Dis-
tilled water was added as necessary to maintain a level of 
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Table 1. Pre-treatment nutrient solution 
Ppm in 
Compound Molarity solution 
Ca( N03 ) 2 •4H2o 2.59 x lo- 2 N- 72 Ca - 103 
K2HP04 • 3H2 0 8.2 X 10-4 K - 64 p - 26 
MgS04 •7H20 8.2 X 10-4 Mg - 20 s - 26 
( NH4) 2. so4 1.06 X 10- 3 N- 30 s - 34 
Fe 2 ( S 04 ) 3 • XH2 0 1.2 X 10- 4 Fe - 1 . 35 s - 60 
H3Bo3 .9 x lo-5 B- .10 
MnSO •7H 0 4 2 .4 
X 10- 5 Mn - • 24 
Znso4 •7H20 . 1 X 10-5 Zn - . 01 
cuso4 • 5H2o .16 X 10- 6 cu- .o1 
(NH4 )6Mo7o24•4H20 .16 X 10- 7 Mo - .o1 
Total ppm in solution 
N-102 Fe-1.35 
P-26 B-0.10 
K-64 Mn-0.24 
Ca-103 Zn-0.01 
s-12o CU-0.01 
Mg-20 Mo-0.01 
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SOLUTION CULTURE STUDY 
COMPONENTS OF CULTURE LID. 
Granite Chip 
Gross Seed 
Frome 
I 
Gloss Wool 
Screen- (fiber gloss) 
Bottom Frome 
Figure 1. Culture lid showing the components in their relative 
positions. The glass wool and granite chips retain 
moisture for the germinating seed and the granite 
chips also give mechanical support to the grass 
plants. 
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Figure 2. View of oulture lids showing seed before oovering 
(12 and 19) and after granite ohip applied (11 and 
20). 
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a: 
Figure 3. Layout of aeration system for solution culture 
studies . A one inch section of 0.5 mm capillary 
tube was substituted for the screw clamp (E) to 
control air flow. 
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Figure 4. Established culture of grass showing root and top 
growth that is typical of grass grown by solution 
culture techniques. 
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solution between t inch and ~ inch below the top of the crook 
and the nutrient solution was changed weekly. Cultures were 
clipped approximately once a week at a three inch height to 
control the spread of the grass and to encourage tillering 
which resulted in uniform, dense stands. A metal guide and 
scissors were used for harvesting. see Figure 5. 
Artificial light was provided by six 150 watt incandescent 
lights per replication. Lights were operated by an automatic 
control that supplemented day length to provide 16 hours of 
light. 
A completely randomized block design was used for this 
experiment. Yield data from each culture prior to experimental 
treatment were used to separate them into blocks with the 15 
highest yielding of each grass in one block, the 15 inter-
mediate yielding of each in the second block and the 15 lowest 
yielding of each in the third block. Blocks were randomly 
placed on three tables in the greenhouse and the grasses and 
treatments were randomized within each block. A typical 
randomized block design is shown in Figure 6. 
Treatments were started on March 16, 1967, and consisted 
of a balanced nutrient solution, Table 2, supplemented by sodium 
chloride and three levels of concentration; sodium chloride at 
three levels of concentration with added cations at two dif-
ferent ratios of sodium to total added cations; increased 
concentration of nutrient solution; and three levels of poly-
ethylene glycol. Cations added were potassium, calcium and 
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Figure 5. Metal guide and scissors used for harvesting cul-
tures. This guide is adjusted for height of cut 
by changing the legs standing on the culture lid. 
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•o••o 14 12 7 12 7 
•oo•• 15 13 10 4 5 
o••oo 
3 9 6 5 8 
oo•oo 
4 1 3 6 9 
o • ••• 14 13 10 1 11 
ooo•• 15 . 11 2 2 ~ BROMEGRASS 8 
0 TALL FESCUE 
1-15 TREATMENTS 
Figure 6. Typical randomized block showing location of each 
grass and each treatment. 
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Table 2. Composition of treatment solutions in parts per 
million 
Treatment a 
Total ;e;em in solution 
K Ca Mg Na c! 
1 - s, 1 88 180 55 226 354 
2 - s, 2 88 180 55 575 885 
3 - s, 3 88 180 55 924 1416 
4 - s, 1, 2&3 127 220 79 226 354 
5 - s, 2, 2&3 186 280 115 575 885 
6 - s, 3, 2:3 244 340 152 924 1416 
7 - s, 1, 2:5 205 300 128 226 354 
8 - s, 2, 2:5 381 480 237 575 885 
9 - s, 3, 2&5 557 660 346 924 1416 
10- C(check) 88 180 55 
11- c X 5.0 430 880 267 
12- C X 7.5 665 1320 413 
13- P(11.9)b 88 180 55 
14- P(18.7)b 127 220 79 
15- P(24.9)b 205 300 128 
aTrea.tments are: NaCl(S), NaCl at 580ppm (1), NaCl at 
1460 ppm (2), NaCl at 2340 ppm (3), ratio of Na. to total added 
cations (2a3) or (2a5), balanced nutrient solution (C) plus 
rate of concentration x5.0 or x7.5, polyethylene glycol (P). 
SUbsequent references will be made by treatment number only. 
bGrams per liter 
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magnesium in a molar ratio of 1:2:2. The increased concentra-
tions of nutrient solution were basic (check) x5 and basic 
(check) x7. 5. 
Half-molar stock solutions of KH2Po4, Ca(No3 )2 • 4H2o, 
MgS 04 • 7H2o, NaCl , K2so4 and Caso4 were prepared using dis-
tilled water. Treatment solutions were as shown in Table 3. 
In addition 25.5 ml. of o.008M Fe 2(so4) 3, 17 ml. of 0.0092M 
H3B03 and 17 ml . of a Trace Element solution (r>m, Zn, Cu and 
Mo) were added to each 17 liters of all treatments. Treat-
ments 13, 14 and 15 were similar to treatments 1, 4 and 7 
respectively except that no sodium chloride was used and indi-
cated volumes of polyethylene glycol stock solution were added. 
This stock solution contained 150 grams per liter of poly-
ethylene glycol having a molecular weight of 1000. 
The first nine treatments were adapted from Russell (32) 
where the author notes that for irrigation water, not only must 
the total salt content be known but also the proportion of 
exchangea.ble sodium. He further notes that if over 15 per cent 
of the exchangeable ions are sodium, difficulty may be expect-
ed. If less than 7t per oent of the exchangeable ions are 
sodium little or no trouble should be encountered . Treatments 
were determined on this basis. Figure 7 shows the relationship 
of these solutions to the range of desirability based on the 
per cent milliequivalents of sodium to the total milliequiva-
lents of salts in the solution, Table 4. 
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Table 3. Milliliters of stock solution per 17 liters of 
treatment solution. Treatments are combinations of 
NaCl (S}, NaCl at 580 ppm (1), NaCl at 1460 ppm (2), 
NaCl at 2340 ppm (3), ratio of Na to total added 
cations (2:3) or (2:5), balanced nutrient solution 
(C) plus rate of concentration x5.0 or x7.5, and 
polyethylene glycol (P) 
Poly-
ethylene 
Treatment KH2Po4 Ca(N03 )2 MgS04 NaCl K2S04 CaS04 glycol 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
374 
578 
77 
77 
77 
153 
153 
153 
153 
153 
153 
153 
153 
153 
153 
748 
1122 
143 
153 
153 
76.5 340 
76 • .5 8.50 
76.5 1360 
110 • .5 340 
161 • .5 8.50 
212 • .5 1360 
178 • .5 340 
17 34 
42 • .5 8.5 
68 136 
.51 102 
331 • .5 8.50 127 • .5 2.55 
484.5 1360 204 
76 . 5 
374. 0 
578 . 0 
76 . 5 
110.5 17 
178. 5 51 
408 
34 
102 
1350 
2120 
2820 
Also included in each 17 liters of treatment solution were: 
25 . 5 ml . Fe2(S04) • XH o, 17 ml. H3Bo1and 17 ml . of trace 
element solution ~Mn, Z~, CU and Mo1 as noted in Table 1. 
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SODIUM EQUALS 7.5% 
OF EXCHANGEABLE 
IONS 
SODIUM EQUALS 15% OF 
EXCHANGEABLE IONS 
NEEDS CARE UNSUITABLE 
I 
I 
I 0 5 
c!, 
~'u-
1 
NUMBERS REFER TO TREATMENT 
ADAPTED FROM''SOIL CONDITIONS 
AND PLANT GROWTH ·' 
~ ~ ~ ro ~ ~ 100 
SODIUM AS A PERCENT OF TOTAL BASES 
(IN EQUIVALENT) 
Figure 7. Relation between sodium as a per cent of the total 
soluble salts and the desirability of irrigation 
water for agricultural purposes. From: Soil Con-
ditions and Plant Growth by Walter E. Russell. 
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Table 4. Treatment solutions showing relationship between ppm 
NaCl, ratio of Na to total added cations, osmotic 
pressure and total milliequivalents per liter of 
solution. Treatments are combinations of: NaCl(S), 
NaCl at 580 ppm (1), NaCl at 1460 ppm (2), NaCl at 
2340 ppm (3), ratio of Na to total added cations 
(2:3) or (2:5), balanced nutrient solution (C) plus 
rate of concentration x5.0 or x7.5, polyethylene 
glycol (P) 
me. Na 
Total me. 
cations added Calculated 
to basic osmotic Total 
Treatment ppm NaCl solutions pressure me.7Iiter 
1 580 o. 64 25.75 
2 1450 1.12 40.75 
3 2320 1.68 55.75 
4 580 2:3 • 71 30.75 
5 1450 2:3 1.42 53.25 
6 2320 2:3 1.75 75.75 
7 580 2:5 0.84 40.75 
8 1450 2:5 1.55 78.25 
9 2320 2:5 2.39 115. 75 
10 0.26 15.75 
11 1.68 72.00 
12 2.26 117.00 
13 o.a8a 15.75 
14 1.17a 20.75 
1,2 1.4~a ~o.z~ 
8 Determined according to Cheesman, Roberts and Tiffany (7) 
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After treatments started, solutions were changed and har-
vests made weekly. Harvests were air dried at 80°C and both 
fresh and dry weights were recorded. All dried foliage and 
root tissue was ground in a Wiley mill through a 40 mesh 
screen. With a minimum sample size of five grams for specto-
graphic analysis and an additional five grams for potentio-
metric analysis it was necessary to combine blocks and har-
vests to secure sufficient tissue for adequate analytical 
samples. Harvests 1-3 were combined into H1 , harvests 4-8 
combined into H2 and harvests 9-13 combined into H3• 
The procedure followed in determining the potential osmot-
ic pressures of the nutrient solutions was that described by 
Loomis and Shull (23) with minor modifications. Rather than 
using the wire ring for agitation, a one inch long magnetic 
stirring bar was used and a more uniform agitation of the test 
solution was obtained. Test samples were precooled in an ice 
and water bath. During the tests a sodium chloride-calcium 
chloride mixture with crushed ice was used for coolant. 
The actual freezing point was determined by the formula: 
where: 
D = d- ~ 
80 
D = true depression of freezing point below that of pure 
water. 
d = apparent freezing point depression (freezing point of 
pure water minus high reading after sample freezes). 
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u = under cooling or the difference be t ween t he hi gh and 
the low readings of the sample 
(All readings in degrees C) 
OSmotic pressure was calculated by the formula: 
where a 
p = D X 24.0 
1.86 
P = osmotic pressure 1n atmospheres at 20°C 
D = true depression of freezing point in degrees c 
POtential osmotic pressures developed by the use of poly-
ethylene glycol were based upon the methods described by 
Cheesman, Roberts and Tiffany (7) and were not determined by 
freezing point depression. The theoretical osmotic pressures 
of treatments 1, 4 and 7 were determined and sufficient poly-
ethylene glycol was added to the nutrient solutions to produce 
equivalent osmotic pressures for treatments 13, 14 and 15 
respectively. The discrepancies between the osmotic pressures 
of treatments 1, 4 and 7, and 13, 14 and 15 represent the dif-
ferences between theoretical (13, 14 and 15) and actual (1, 4 
and 7) as determined by freezing point depression. 
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RESULTS 
Foliage Yields 
While it is recognized that yield of foliage should not be 
the ultimate criterion in turf studies, it is indicative of the 
physiological functioning of the plant and when viewed in eon-
junction with such other factors as root production and inorgan-
ic composition of the tissue, it oan yield information of 
value. 
Cumulative yield data over three blocks are summarized in 
Tables 5 through 8. Cumulative yields of individual blocks are 
found in Appendix A. Dry weight root yields are shown in 
Tables 15 and 16 and root/top ratios in Tables 20 and 21. 
All fresh weight and dry weight yields were depressed be-
low the cheek (treatment 10) except for treatment one dry 
weight of tall fescue which very slightly exceeded the cheek. 
Trends in relative yield between treatments developed in the 
early harvests and remained quite constant throughout the 
experiment. With but one exception (dry weight yield of tall 
fescue, treatments 14 and 15) yield was depressed as the con-
centration or the nutrient solution increased. Treatment 3 
was lower than treatment 1 (sodium chloride with no added 
cations); treatment 6 was lower than treatment 4 (2t3 ratio or 
sodium to total added cations); treatment 9 was lower than 
treatment 7 (2s5 ratio of sodium to total added cations) and 
treatment 12 was lower than treatment 10 which was the cheek 
il' 
,, 
I 
i 
J 
Table 5. Cumulative fresh weight totals in grams of bromegrass foliage. Total of 
three blocks 
Harvest dates 
Treat- March April April April April April May May May May~ ~urie ~June~- June 
ment 25 1 8 15 22 29 8 13 20 27 3 10 17 
1 26.7 47.1 67.7 87.0 111.2 125.5 147.6 162.3 181.0 204.4 219.6 230.5 241.8 
2 19.8 35.3 54.5 71.8 93.5 105.4 122.5 133.0 147.4 164.5 175.3 185.4 194.3 
3 22.9 37.3 51.6 63.3 74.8 81.1 92.0 100.3 109.2 120.6 127.2 132.6 137.3 
4 24.9 41.8 63.5 81.3 103.4 117.2 137.6 152.7 169.7 195.9 208.5 220.9 232.5 
5 23.2 38.7 55.0 67.2 85.1 93.6 109.4 119.1 129.9 147.6 154.8 162.3 168.4 
6 
7 
8 
9 
10 
11 
18.5 32.6 46.1 57.0 68.8 77.2 89.9 97.2 106.9 119.9 126.9 131.9 1)7.6 
24.8 4).0 63.7 82.1 103.8 116.9 134.5 149.1 167.0 193.3 207.5 219.0 232.0 
20.5 35.8 53.2 67.3 82.8 94.6 111.6 125.0 141.8 165.0 176.2 186.3 196.1 
20.8 33.9 47.3 59.8 73.1 81.9 95.3 104.9 115.1 130.4 139.3 146.5 153.3 
24.5 46.3 70.8 92.5 115.7 133.4 162.9 179.1 202.9 239.3 259.7 275.8 297.0 
19.8 36.7 56.) 72.5 90.0 105.7 126.0 141.1 158.6 181.9 192.0 201.0 208.6 
12 19.7 31.8 45.4 57.7 74.0 84.6 99.9 110.2 120.3 131.8 138.0 143.1 146.0 
13 23.3 34.7 47.1 59.) 78.4 96.4 123.7 140.1 163.7 196.2 215.0 233 .7 255.4 
14 18.5 23.9 30.8 38.1 50.2 64.4 88.6 106.1 129.4 165.5 186.9 207.5 231.4 
15 18.7 25.6 )4.7 41.8 52.9 61.8 ?9.1 91.? 110.1 14).0 161.1 177.1 195.0 
\,.) 
N 
Table 6. CUmulative dry weight in grams of bromegrass foliage. Total of three blocks 
Harvest dates 
Treat- March April Apr{! April April April May May May May June June June 
ment 22 1 8 12 22 22 8 12 20 2Z J 10 lz 
1 6.3 10.1 14.8 17.8 22.6 25.0 28.6 30.5 33.9 38.8 42.3 44.6 46.9 
2 5.7 8.8 13.1 16.2 20.8 22.8 25.9 27.2 30.1 33.8 36.6 38.8 41.1 
3 5.7 8.7 12.1 14.6 17.2 18.2 20.1 21.0 22.7 25.4 27.4 28.9 29.9 
4 6.1 9.4 14.3 17.3 21.6 24.2 27.6 29.7 32.8 38.1 41.1 48.8 46.5 
5 5.8 9.0 12.9 15.0 18.7 20.3 22.9 24.0 26.2 30.2 32.1 33.9 35.2 
6 5.6 8.7 11.9 13.9 16.4 17.9 20.3 21.1 23.2 26.6 28.5 29.7 31.1 \....) 
\....) 
7 6.1 9.5 14.0 16.9 20.9 23.1 27.4 29.2 32.7 38.1 41.4 44.1 47.0 
8 5.7 8.7 12.9 15.7 18.8 20.7 23.7 25.5 28.6 33.6 36.4 38.8 41.2 
9 5.8 8.9 12.2 14.5 17.9 19.5 22.3 24.0 26.3 30.2 32.6 34.5 36.1 
10 6.0 10.2 15.3 18.3 22.3 24.9 29.5 31.4 35.3 41.8 45.9 49.3 53.2 
11 5.7 9.2 13.9 16.7 20.3 22.8 26.5 28.7 32.1 37.4 40.1 42.4 44.2 
12 5.6 9.5 12.8 15.2 19.0 20.9 23.7 25.2 27.1 30.0 31.6 32.8 33.6 
13 6.1 8.9 12.4 14.8 18.6 21.2 25.9 28.3 33.0 39.4 43.3 46.6 50.6 
14 6.4 7.7 10.2 11.2 13.8 16.3 20.5 23.1 27.5 34.8 39.2 43.0 47.6 
1,2 6.1 8.0 11. o ll.~l.l.f.~s~~:I.s. a_:~._~~9 g1. o 2.5.1 31.9 . 36.1 39.6 43.6 
Table 7. Cumulative fresh weight totals in grams of tall fescue foliage . Total of 
three blocks 
Harvest dates 
Treat- March April April April April April May f1ay -May- May - June June --June 
ment 2_5__ 1 8 15 22 29 8 13 20 27 3 10 17 
1 35.6 66.3 104~5 138.1 184.5 204.0 255.9 273.0 305.1 334.6 351.3 363.6 376. 3 
2 38.3 64.8 96.8 130.1 167.5 183.6 222.2 234.9 262.9 284. 2 297.7 310.6 319.0 
3 37.2 62,5 93 . 8 118.8 155o4 168 . 5 199.7 209. 3 233.1 250.4 262.5 273.8 278 . 9 
4 36.8 64.9 102.5 134,0 180.0 200.4 247.6 260.5 290.9 316.0 331.5 342.0 351.7 
5 39.9 65.8 101~1 130.0 166.7 181v1 217 . 3 228.9 255 .1 277.4 290.7 303.1 312.2 
6 35 . 5 60.7 90o7 114. 0 149.0 165. 8 198.7 210.2 234.0 255.3 265.8 276.5 284.7 
7 36. 7 62.6 94.5 124. 3 167.4 183. 4 222. 9 236. 6 265 .6 289 . 2 305.1 319. 2 332 .. 2 
8 35.9 60 . 6 89 . 6 115Q8 150.2 165. 3 200 . 4 215. 6 237.5 259.6 273 . 3 284. 6 294.7 
9 31o0 52-5 77.8 101 . 0 129.2 144.3 175. 5 187.7 209.4 227.9 242.5 252.4 259. 8 
10 39.3 66 . 8 101.4 131. 8 179.0 196. 6 241.3 258.1 294.5 324.6 348.8 370.1 385.8 
11 35. 7 60.4 88.3 114. 6 148.1 164. 0 194. 6 204. 9 223.7 241.2 250. 9 259 . 9 266. 1 
12 31 . 9 55 .0 82. 0 102. 6 126 . 8 137. 6 153.8 160. 5 168 . 7 176.6 180.6 184.5 186 .. 4 
13 35.6 57 . 2 83 . 3 106. 4 147. 2 164. 7 202. 2 217.3 250.1 275 . 0 292.4 302.3 310.0 
14 23 . 8 34. 7 50.4 68 . 1 98 .1 115. 0 156.6 171.9 203 . 1 229 . 9 246.3 258 . 2 268.1 
15 27.9 J8.J 54.5 72.0 99.0 116o4 15~ . 6 168. 9 199. 8 225.8 244. 0 2~6 . 1 26?.8 
\...) 
~ 
Table 8. Cumulative dry weight totals in grams of tall fescue foliage. Total of 
three blocks 
Harvest dates 
Treat- March April April April April April May May May May June June June 
ment 2~ 1 8 1~ 22 22 8 1~ 20 2Z 2 10 17 
1 8.3 13.4 20.0 25.3 33.4 36.6 45.8 48.2 53.9 59.4 62.6 65.0 67.3 
2 7.9 12.4 18.3 23.3 )0.6 33.1 40.2 41.8 47.0 51.4 54.3 56.8 58.1 
3 7.9 12.5 18.5 22.2 )O.l 32.1 38.6 39.7 44.6 48.4 51.3 53.7 54.3 
4 7.8 12.6 19.4 24.8 33.3 36.7 45.6 47.2 52.8 57.6 60.9 62.8 64.8 
5 8.3 12.5 19·.3 2).9 31.1 33.3 40.2 41.5 47.0 51.4 54.6 57.1 58.7 
6 7.2 11.5 17.3 21.0 27.7 30.4 )6.9 38.3 43.4 47.1 50.4 52.7 54.1 VJ 
"" 7 7.5 12.0 17.9 22.2 28.9 31.5 38.5 40.0 45.5 50.3 53.6 56.4 58.6 
8 7.7 12.1 17.7 21.5 28.0 30.4 37.7 40.0 44.7 49.7 52.7 54.8 56.8 
9 6.8 10.8 16.4 20.2 25.8 28.0 34.8 36.4 41.6 46.0 49.1 51.6 52.8 
/' 
10 8.0 12.6 19.1 2).6 31.8 34.3 42.5 44.5 50.9 56.4 60.9 64.5 67.2 
11 7.6 12.4 18.4 23.2 30.6 33.1 40.7 41.9 45.9 49.9 52.5 54.5 55.5 
12 7.1 11.3 17.3 20.6 26.8 28.6 )2.5 33.1 35.0 37.1 38.4 39.5 40.0 
13 8.1 12.1 17.2 21 .1 30.1 32.9 39.7 42.2 49.1 54.5 58 .5 60.8 62.6 
14 7.2 9.9 13.6 16.8 23.3 26.2 35.4 37.9 44.3 50.8 54.7 57.) 59.2 
1.2 7.8 10.2 _!_~__!_9_!_Z__!_2 _21. 7 2Q !_? 3_6.? _28.5_ lt5. 7 52.1 5Q.8 59.7 Q_2.l._ 
(various concentrations of nutrient solution). 
Data on fresh weight and dry weight yields of each grass 
were subjected to separate analysis of variance tests. Tables 
9 and 10. Differences are discussed at the significant or 
highly significant1 levels . The "F" test as described by 
Snedecor (33) was used to determine the existence of signifi-
cant effects. Duncan's multiple range test (8) was used to 
compare treatment means. The statistical model used for the 
analysis of variance was: 
Y = A(i) + B(j) + C(k) + BC(jk) + AB(ij) + AC(ijk) + 
D(l) + BD(jl) + CD(kl) + BCD(jkl) + E(ijkl) 
where a 
Ai = the block effect 
Bj = the treatment effect 
ck = the grass effect 
BCjk = treatment x grass interaction 
ABCijk = error b 
~ = harvest 
BDjl = treatment x harvest interaction 
C~l = grass X harvest interaction 
BCDjkl = treatment x grass x harvest interaction 
Eijkl • error e 
1In this thesis "significant" is used to denote .05 level 
of probability and "highly significant" denotes a .01 level of 
probability. 
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Table 9. Analysis of variance of fresh weight yields of foli-
age of bromegrass and tall fescue treated with 3 con-
centrations of sodium chloride at 3 ratios of added 
cations, 3 concentrations of nutrient solution and 
with 3 concentrations of polyethylene glycol 
Source of SUm of Mean 
variation df. squares square 
blocks 2 287.16699 143 • .58349 ** treatment 14 1464.41601 104.60113 ** grasses 1 1840.3874.5 1840.38745 ** treatment x grasses 14 260.70263 18.62161 ** 
error sa 431.29077 7.43604 
Total 89 
**Highly significant at the .01 level of probability 
according to the "F" test of Snedecor (33) 
Table 10. Analysis of variance of dry weight yields of foliage 
of bromegrass and tall fescue treated with 3 concen-
trations of sodium chloride at 3 ratios of added 
cations, 3 concentrations of nutrient solution and 
with 3 concentrations of polyethylene glycol 
Source of SUm of I1ean 
variation df. squares square 
blocks 2 9.76647 4.88323 ** 
treatment 14 30.11213 2.1_5086 ** 
grasses 1 .51.17701 .51.17701 ** 
treatment x grasses 14 4.8.5195 0.)4656 n.s. 
error 58 14.77023 0.25465 
**Highly significant at the .01 level of probability 
according to the "F" test of Snedecor (33). 
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Analysis of the variance of fresh weight yields, Table 9, 
showed highly significant differences between treatments and 
between grasses. A comparison of the treatment means by Dun-
can's multiple range test (8), Table 11, showed that for the 
treatment means of both grasses combined there were no signifi-
cant differences in fresh weight yield due to the ratio of 
sodium to total added cations. There were, however, signifi-
cant differences in yield attributable to the level of chloride 
in the nutrient solution in treatments 1 through 9 although 
there were no significant differences between 5 and 6 (2t3 
ratio) and 7 and 8 (2a5 ratio). There were no significant 
differences between the low levels of concentration of nutrient 
solution (treatments 1, 4, 7, 10 and 13) except treatment 10 
(check) which was not different from 1 but different from the 
others nor between the high levels except treatment 12 (check 
x 7.5) which was significantly lower than the others. There 
were no significant differences between the intermediate levels 
of concentration of nutrient solution (treatments 2, 5, 8, 11 
and 14). Treatment 10 (check) had the highest fresh weight 
yield of foliage and treatment 12 (check x 7.5) had the lowest 
yield of all treatments. 
In the comparison between salt and polyethylene glycol as 
an osmotic pressure agent, it was observed that there were no 
significant differences between treatments 1, 4 and 7 (salt) 
and that while there were no significant differences between 
treatments 13 and 14 or between 14 and 15 there was a 
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Table 11. Mean fresh and dry weight yields of foliage of 
bromegrass and tall fescue combined 
Mean fresh 
weight 
Treatment in gramsa 
1 7.924 ab 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
cde 6.581 
5.340 ghijkl 
7.490 be 
6.158 efgh 
5.414 ghijk 
7.238 bod 
6.292 
5.296 
8.754 a 
cdefg 
h1jkl 
6.086 efgh1 
4.262 m 
7.251 be 
6.404 cdef 
5.933 efgh1j 
Mean dry 
weight 
in gramsa 
1.464 ab 
1.272 
1.080 
cdefghi 
1.427 abed 
jklm 
1.204 efghij 
1.092 hijklm 
1.354 bcdefg 
1.256 
1.144 
1.544 a 
defghij 
hijkl 
1.278 cdefgh 
0.945 m 
1.451 abc 
1.369 bcde 
1.355 bcdef 
aAll means 1n a column without a common letter are signifi-
cantly different when compared by Duncan's multiple range test 
(8). 
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significant difference in yield between treatments 13 and 15. 
Polyethylene glycol reduced the yield of treatment 15 signifi-
cantly below that of treatment 7 but the differences in yield 
between treatments 1 and 13, and treatments 4 and 14 were not 
significant. 
Duncan's multiple range test (8) over the dry weight yield 
of both grasses, Table 11, showed significant differences be-
tween treatments 1, 2 and 3 (sodium chloride with no added 
cations); significant differences between treatments 4 and 5, 
and between 4 and 6 but not between treatments 5 and 6 (2:3 
ratio); there was a significant difference between treatments 
7 and 9, but not between 8 and 9 nor between treatments 7 and 
8. In the nutrient solution treatments there were significant 
differences between treatments 10, 11 and 12. The polyethylene 
glycol treatments (13, 14 and 15) showed no significant dif-
ferences between any of the treatments. 
Fresh weight yields of each grass were compared separately 
by Duncan's multiple range test (8), Table 12, and, as noted 
previously, there were no significant differences between the 
yields of treatments 1 and 2 for each grass, significant dif-
ferences between treatments 1 and 3 for each grass, no differ-
ence between 2 and 3 for tall fescue but a significant reduction 
of 3 below 2 for bromegrass. These treatments all involved 
sodium chloride with no added cations. 
In that group of treatments involving a 2s3 ratio of 
sodium to total added cations there was a significant depression 
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Table 12. Mean fresh weight yield of bromegrass and of tall 
fescue 
Bromegrass 
mean fresh 
weight 
Treatment in gramsa 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
6.199 be 
4.982 cdefghij 
3.528 k 
5.961 bed 
4.310 ghijk 
3.520 jk 
5. 958 bede 
5.028 cdefgh 
3.930 ghijk 
7.615 a 
5. 348 bedefg 
3.743 hijk 
6.548 ab 
5.933 bcdef 
4.999 cdefghi 
Tall fescue 
mean fresh 
weight 
in gramsa 
9.648 ab 
8.179 bcde 
7.158 efghij 
9.017 abc 
8.005 cdef 
7.229 defghi 
8.517 bed 
7.556 cdefgh 
6. 661 fghijklmn 
9.982 a 
6.823 efghijklm 
4.779 0 
7.953 cdefg 
6.866 
6. 866 
efghijk 
efghijkl 
-----~ --
aAll means in a column without a common letter are signifi-
cantly different when compared by Duncan's multiple range test 
(8). 
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of yield between treatments 4 and 6 for both grasses. Brome-
grass had a significant reduction in yield between treatments 
4 and 5. No significant reduction in yield was found between 
treatments 5 and 6 for bromegrass or between treatments 4 and 
5, and 5 and 6 in tall fescue. 
The 2a5 ratio of sodium to total added cations resulted 
in a significant yield reduction between treatments 7 and 9 
in both grasses. Other comparisons for both grasses were not 
significant. 
In that group of treatments involving nutrient solutions 
at concentrations of one (check), x 5.0 and x 1.5 both grasses 
showed significant reductions in yield as the concentration of 
the nutrient solution increased. 
All polyethylene glycol treatments (13, 14 and 15) on 
tall fescue had no significant differences in yield. Bromegrass 
had a significant reduction in yield between treatments 13 and 
15 with no significant reduction between treatments 13 and 14 
or 14 and 15. Treatment 10 (check) had the highest yield for 
each grass and the lowest yields occurred in treatment 3 for 
bromegrass and treatment 12 for tall fescue. 
Paired treatments using sodium chloride and polyethylene 
glycol to develop approximately equivalent osmotic pressures 
were designed to use the low concentration of sodium chloride 
in each of the three ratios of sodium to total added cations. 
These comparisons were between treatments 1, 4 and 7 in the 
43 
salt groups and treatments 13, 14 and 15 in the polyethylene 
glycol group with comparisons between 1 and 13, 4 and 14, and 
7 and 15. Bromegrass showed no significant differences in 
yield between the salt and the polyethylene glycol treatments 
while tall fescue had a significant reduction in yield by all 
of the polyethylene glycol treatments. 
The difference in response between bromegrass and tall 
fescue to the polyethylene glycol treatments may be due, in 
part, to the heterozygous nature of the seed. In a preliminary 
study only one plant in three replicates of tall fescue sur-
vived treatment 12. This plant grew vigorously and retained 
good color to the end of the experiment at which time it was 
salvaged and potted in soil. In addition to its tolerance of 
high salt concentrations, it produces stem buds close to the 
ground and it tends to produce more rhizomes than commonly 
found in tall fescue. A further search is under way for addi-
tional plants possessing these characteristics and some have 
been found. The same lot of seed has been used in all the 
work covered in this report which leads to the conclusion that 
some of the differences noted may be due to genetic differences 
within the seed of the tall fescue. This will be further dis-
cussed in a later section of this report. 
Dry weight yield means of both bromegrass and tall fescue 
were also compared by Duncan's multiple range test (8). There 
were no signific~t differences between the ratios of sodium to 
total added cations for either grass. There were no significant 
differences between the yields of either grass for treatments 1 
and 2 or between treatments 2 and 3 for tall fescue. Signifi-
cant reductions were observed between treatments 1 and 3 for 
both grasses and between treatments 2 and 3 for bromegrass. 
Treatments 1, 2 and 3 had no added cations. 
In the group 4, 5 and 6 (2:3 ratio of sodium to total add-
ed cations) treatments 5 and 6 had no significant differences 
in dry weight yield nor did treatments 4 and 5 for tall fescue. 
Treatment 6 was significantly reduced in dry weight yield from 
treatment 4 in both grasses and bromegrass had a significant 
reduction of treatment 5 below treatment 4. 
Those treatments using a 2:5 ratio of sodium to total 
added cations (treatments 7, 8 and 9) had no significant dif-
ferences between the levels of sodium chloride in both grasses 
except that treatment 9 significantly reduced the dry weight 
yield of bromegrass below treatment 7. 
Tall fescue had no significant difference in yield between 
treatments 10, 11 and 12 (three concentrations of nutrient 
solution). Bromegrass also had no significant difference be-
tween treatments 10 and 11, but treatment 12 was significantly 
reduced below both treatments 10 and 11. 
Both grasses had no significant differences in yield be-
tween treatments 13, 14 and 15 in which polyethylene glycol was 
used. 
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In the series of treatments where comparison was made be-
tween the effects on yield of salt and polyethylene glycol at 
approximately equal osmotic pressures there were no significant 
differences in dry weight yield between the salt and polyethy-
lene glycol for either bromegrass or tall fescue. These treat-
ments compared 1 against 13, 4 against 14 and 7 against 15. 
Within each grass there were no significant differences 
between the dry weight yields of the low concentration of 
nutrient solution in each group. This comparison was between 
treatments 1, 4, 7, 10 and 13. At the intermediate level 
(treatments 2, 5, 8, 11 and 14) there were no significant 
differences in yield for tall fescue, and bromegrass also had 
no significant differences in yield except for treatment 14 
which was significantly higher than the others. The high level 
of concentration (treatments 3, 6, 9, 12 and 15) had no sig-
nificant differences in yield for bromegrass except that 
treatment 15 was significantly higher than treatments 3 and 6. 
Treatment 12 i.n tall fescue was significantly lower in yield 
than treatments 3, 6, 9 and 15 which had no significant dif-
ferences between them. 
The highest dry weight yield of bromegrass was in treat-
ment 10 (check) and the lowest was treatment 3 (sodium chloride 
with no added cations). Treatment 1 (sodium chloride with no 
added cations) had the highest dry weight yield of tall fescue 
while the lowest was treatment 12 (check x 7.5). 
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Analysis of variance, Table 10 shows no significant dif-
ference in dry weight yield for the interaction between grasses 
and treatments. Fresh weight yields, ~able 9), however, had a 
highly significant difference. These data were compared by 
Duncan's multiple range test (8) which showed, Table 14, that 
the tall fescue had significantly higher yields in treatments 
1 through 10 and there were no significant differences in 
yield between bromegrass and tall fescue in treatments 11 
through 15. 
Treatments 1 through 9 were those containing sodium chlor-
ide at various levels and treatment 10 was the check. With no 
significant differences between the dry weight yields of brome-
grass and tall fescue while there were highly significant dif-
ferences between them on a fresh weight basis, it is indicative 
of the capacity of the tall fescue to absorb larger quantities 
of water than bromegrass under the conditions of salinity that 
existed in this experiment. 
Boot Yields 
Root yield data for bromegrass are shown in Table 15 and 
for tall fescue in Table 16. Dry weight yields only were re-
corded due to the difficulties involved in securing valid fresh 
weight yields. 
Analysis of variance for dry weight yield of bromegrass 
roots, Table 17, shows a highly significant difference between 
treatments. The analysis of variance for tall fescue dry 
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Table 14. Comparison between mean fresh weight yields of 
bromegrass and tall fescue 
Bromegrass Tall fescue 
mean fresh mean fresh 
Treat- weight weight 
ment 1n gramsa in gramsa 
1 6.119 efghijklmnopqr 9.648 ab 
2 4.982 lmnopqrstu 8.179 abcde 
3 3.520 u 7.158 cdefgh1jk 
4 5.961 fghujklmnopqr 9.017 abc 
5 4.310 rstu 8.005 abcdef 
6 3.528 u 7.229 cdefghij 
7 5.958 fghijklmnopqrs 8.517 abed 
8 5.028 lmnopqrstu 7.556 cdefghi 
9 3.930 rstu 6.661 defgh1jklmno 
10 7.615 cdefgh 9.892 a 
11 5.348 jklmnopqrstu 6.823 defghijklmn 
12 3.743 tu 4.779 lmnopqrstu 
13 6.548 defghijklmnop 7.953 abcdefg 
14 5.933 fghijklmnopqrst 6.874 defghijkl 
15 4.999 lmnopqrstu 6.866 defghijklm 
aAll means without a common letter are significantly 
different when compared by Duncan's multiple range test (8). 
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Table 15 .. Dry weight yield of bromegrass roots in grams 
Block Block Blook Total 
Treatment 1 2 3 
1 2.2 3.1 3.1 8.4 
2 2.2 3.7 2.0 7.9 
3 1.4 2.1 1.5 5.0 
4 2.8 3.0 2.4 8.2 
5 1.5 1.8 1.5 4.8 
6 1.2 1.3 2.9 5.4 
7 3.5 3.2 2.5 9.2 
8 2.6 3.3 2.8 8.7 
9 1.3 2.1 2.8 6.2 
10 3.3 4.4 4.0 11.7 
11 2.0 2.7 2.8 7.5 
12 1.8 1.9 2.0 5.7 
13 6.5 7.5 6.0 20.0 
14 5.8 6.1 5. 6 17.5 
15 3.9 a.o 3.9 15.8 
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Table 16. Dry weight yield of tall fescue roots in grams 
Blook Blook Block 
Treatment 1 2 3 Total 
1 1.8 2.5 2.0 6.3 
2 2.1 1 • .5 1.4 .s.o 
3 1.4 1.8 1 • .5 4.7 
4 1.6 2.5 1.9 6.0 
.5 1 • .5 1.9 2.0 5.4 
6 2.0 2.0 1.9 5.9 
7 2.7 2.2 2.1 7.0 
8 1 . 7 1.8 2.0 .5 • .5 
9 1.6 2.0 2.1 5.7 
10 1.4 2.1 3.2 6.7 
11 1.9 2.3 1.8 6.0 
12 1.4 1.7 2.0 5.1 
13 5.4 4.8 9.3 19.5 
14 9.0 9.0 4.4 22.4 
15 4.7 3.4 5.1 13.2 
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Table 17. Analysis of variance for dry weight yield of brome-
grass roots grown at three concentrations of NaCl 
with three ratios of Na to total added cations. 
(Treatments 1 through 9.) 
Sum of Mean 
source d.f. squares square 
Treatments 14 104.48 7.4628 ** Blocks 2 5.20 2.6000 * Error 28 14.35 0.5303 
Total 44 
*SignificELnt 
**Highly significant according to the "F" test of Snedeoor 
(33) 
weight root yield, Table 18, also shows a highly significant 
difference between treatments. 
While the trend in bromegrass dry weight root yields is 
generally toward a decrease in yield as the concentration of 
the nut~ient solution increases, there is little of signifi-
cance between the yields in treatments 1 through 12 according 
to Duncan's multiple range test (8), Table 19. Tall fescue 
has no significant differences in yield over these same treat-
ments. 
Those treatments receiving polyethylene glycol, however, 
had dr7 weight root yields that approximately doubled the com-
parable yields of bromegrass in the salt treatments (1, 4 and 
7) and nearly tripled those for the same treatments of tall 
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Table 18. Analysis of variance for dry weight yield of tall 
fescue roots grown at three concentrations of NaCl 
with three ratios of Na to total added cations 
(Treatments 1 through 9.) 
SUm of Mean 
source d.f. squares square 
Treatments 14 14).3164 10.2369 
Blocks 2 0.2084 0.1042 
Error 28 30.9783 1.1064 
Total 44 
**Highly significant according to the "F" test of 
Snedecor ( 33). 
** 
n.s. 
fescue. There were also varying differences in the accumula-
tion of salts that will be discussed under inorganic analysis. 
This large increase in dry weight root yield by both grasses 
over the check (treatment 10) and solutions with comparable 
osmotic pressures (treatments 1, 4 and 7 compared with 13, 14 
and 15 respectively) remains unexplained at this time. 
Root/top Ratios 
Root/top ratios for bromegrass and tall fescue are summar-
ized in Tables 20 and 21. These data include the total dry 
weight foliage production for all harvests plus the dry weight 
~f the "sod". In general these ratios follow the same trends 
as do the yield data on foliage and roots . 
Without exception, tall fescue had a higher dry weight 
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Table 19. Mean dry weight yield of bromegrass and tall fescue 
roots 
Bromegrass Tall fescue 
mean dry mean dry 
weight weight 
Treatment in gramsa in gramsa 
1 2.800 de 2.100 d 
2 2.633 de 1.667 d 
3 1.667 e 1.567 d 
4 2.733 de 2.000 d 
5 1.600 e 1.800 d 
6 1.800 e 1.967 d 
7 3.067 de 2.333 d 
8 2.900 de 1.833 d 
9 2.067 e 1.900 d 
10 3.900 d 2.333 d 
11 2.500 de 2.000 d 
12 1.900 e 1.700 d 
13 6.667 a 6.500 ab 
14 5.833 ab 7.467 a 
15 5.267 be 4.400 c 
aAll means in a column without a common letter are sig-
n1ficantly different when compared by Duncan's multiple range 
test. 
Table 20. Dry weight root to top ratios of brome~rass 
Block Root Block aoot Block Root Blocks 
Treat- #1 to top # 2 to top # 3 to top Total 3 Mean 
ment Tops Boots ratio Tops Roots ratio Tops Roots ratio tops Roots ratio 
1 27.5 2.2 .o8o 29.3 3.1 .106 27.4 3.1 .113 84.2 8.4 .100 
2 25.5 2.2 .086 27.5 3.7 .135 27.8 2.0 .072 80.8 7.9 .098 
3 21.7 1.4 .065 23.3 2.1 .090 21.8 1.5 .069 66.8 5.0 .075 
4 30.1 2.8 .093 29.4 3.0 .102 26.5 2.4 .091 86.0 8.2 .094 
5 26.2 1.5 .057 24.7 1.8 .073 25.5 1.5 .059 84.6 4.8 .057 
6 25.9 1.2 .046 22.7 1.3 .057 27.6 2.9 .105 76.2 5.4 .071 
\.J\ 
7 29.4 3.5 .119 28.4 3.2 .113 29.0 2.5 .186 86.8 9.2 .106 -+=" 
8 30.2 2.6 .086 28.9 3.3 .114 28.8 2.8 .097 87.9 8.7 .099 
9 29.1 1.3 .045 30.2 2.1 .070 32.2 2.8 .087 91.5 6.2 .068 
10 29.1 3.3 .113 30.7 4.4 .143 28.0 4.0 .143 87.8 11.7 .133 
11 33.0 2.0 .061 32.7 2.7 .083 33.8 2.8 .083 99.5 7.5 .075 
12 35.7 1.8 .050 30.2 1.9 .063 31.9 2.0 .063 97.8 5.7 .058 
13 30.9 6.5 .210 29.0 7.5 .259 33.2 6.0 .181 93.1 20.0 .215 
14 36.4 5.8 .159 26.0 6.1 .235 30.4 5.6 .184 92.8 17.5 .189 
1,2 :22.8 2·9 .112 j2.2 8.0 .248 26.4 J~2~~ ~148 91.415.8 .173 
Table 21. QrY weight root to top ratios of tall fescue 
Block Root Block Root Block Root Blocks 
•rreat- #1 to top #2 to top #3 to top Total 3 Mean 
ment ·ToEs Roots ratio To;es Roots ratio To;es Roots ratio to;es Roots ratio 
1 39.4 1.8 . 046 36.3 2.5 .069 40.4 2.0 .050 116.1 6.3 .054 
2 38.8 2.1 .054 32.0 1.5 .047 41.1 1.4 .034 111.9 5.0 .045 
3 34.1 1.4 .041 34.4 1.8 .052 42.0 1 . 5 .036 110.5 4.7 .043 
4 35. 6 1.6 .045 37. 3 2.5 .067 45.4 1.9 .042 118.3 6.0 .051 
5 37.0 1 . 5 .041 40.5 1.9 .047 41.6 2.0 .048 119.1 5.4 .045 
6 38.8 2.0 .052 36.6 2.0 . 055 47.0 1.9 .040 122.4 5.9 .048 
V\ 
7 36 . 3 2. 7 .074 39.9 2.2 .055 41.0 2.1 .051 117.2 7.0 .060 V\ 
8 42.9 1.7 .040 42.5 1.8 .042 46.9 2. 0 .043 132.3 5.5 .042 
9 40.0 1.6 .040 42.8 2.0 .047 so.s 2.1 .042 133.3 5.7 . 043 
10 38.6 1.4 .036 37.8 2.1 .056 39.7 3.2 .081 116.1 6.7 .058 
11 45.0 1.9 .042 45.0 2.3 .051 51 . 2 1.8 .035 141.2 6.0 .042 
12 42.3 1.4 .033 42.9 1.7 .040 53.5 2.0 .037 138.7 5.1 .037 
13 49.6 5.4 .109 43.6 4.8 .110 57.0 9.3 .163 150.2 19.5 .130 
14 51.7 9.0 .174 42.5 9.0 .212 52.5 4.4 .084 146.7 22.4 .153 
1,5 51.2 ~~·092 51.6 ~4-~._066 5Q~--5~1~ ___ .1 00 1.53~213.2 .086 
yield of tops than bromegrass for any given treatment. In con-
trast, bromegrass produced a greater dry weight yield of roots 
than tall fescue in 11 of the 15 treat~ents. Bromegrass also 
had a higher root to top ratio than tall fescue in all treat-
ments. 
Near the end of this experiment in mid-June temperatures 
in the greenhouse were frequently in excess of 90° F. and 
could be expected to produce growth stress on the grasses. 
However, these data do not indicate that such stresses were 
present. 
Bernstein and Hayward (3) observed that plants with small 
root/top ratios are not as tolerant of saline conditions as are 
plants with large root/top ratios. These data do not support 
this. They indicate that tolerance to a saline substiate is 
more a genetic than a physiological or morphological difference. 
Analysis of the variance of the root/top ratios, Tables 
22 and 23, showed a highly significant difference between the 
treatments. Further comparison of the mean dry weight top/ 
root ratios by means of Duncan's multiple range test (8), 
Table 24, showed no significant differences between treatment 
means for treatments 1 through 9 for bromegrass or treatments 1 
through 12 for tall fescue. All of the polyethylene glycol 
treatments (13, 14 and 15) were significantly higher than the 
check (10). 
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Table 22. Analysis of variance for root/top ratio of brome-
grass grown under three concentrations of NaCl with 
three ratios of Na to total added cations, three 
concentrations of nutrient solution and three con-
centrations of polyethylene glycol 
SUm of Mean 
Source d . f. squares square 
Treatments 14 0.101523 0.007252 ** Blocks 2 0.008555 0.004277 ** 
Error 28 0.015003 0.000535 
Total 44 
**Highly signi f.i cant according to the "F" test of 
Snedecor (33) 
Table 23. Analysis of variance for root/top ratio of tall 
fescue grown under three concentrations of NaCl with 
three ratios of Na to total added cations, three 
concentrations of nutrient solution and three con-
centrations of polyethylene glycol 
SUm of Mean 
source d.f. squares square 
Treatments 14 0.050615 0.003615 
Blocks 2 0.000609 0.000)05 
Error 28 0.013246 0.000473 
Total 44 
**Highly significant according to the ''F" test of 
Snedecor (33). 
** 
n . s. 
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Table 24. Comparison of mean dry weight root/top ratios of 
bromegrass and tall fescue 
Bromegrass Tall fescue 
mean dry mean dry 
weight weight 
Treatment ratioa ratioa 
1 .100 cd .054 de 
2 .098 cd .045 de 
3 .075 d .043 de 
4 .094 cd .051 de 
5 .057 d .045 de 
6 .071 d .048 de 
7 .106 cd .060 de 
8 .099 cd .042 de 
9 .068 d .043 de 
10 .133 c .058 de 
11 .075 d .042 de 
12 .058 d .037 e 
13 .215 a .130 b 
14 .189 ab .153 a 
15 .173 ab .086 c 
aAll means in a column without a common letter are sig-
nificantly different when compared by Duncan's multiple range 
test (8). 
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Inorganic Analysis 
Spectographic and potentiometric analyses were performed 
by the Ohio Agricultural Research and Development Center. 
Spectographic analyses were made for potassium, phosphorus, 
calcium, magnesium, manganese, iron, boron, copper, zinc, 
aluminum, strontium, molybdenum, cobalt, sodium, silicon and 
barium. Chloride was determined potentiometrically. Only 
chloride, potassium, calcium and magnesium will be discussed 
in this report but data pertaining to all analyses are in-
cluded in Appendix B. Due to the composite nature of the 
analytical samples and the lack of replication, these data 
present difficulty in securing adequate statistical analysis. 
FOliage accumulation of the elements analyzed had ranges 
as shown in Table 25. The complete analysis of each grass by 
treatment will be found in Appendix B. Each grass was quite 
specific in its accumulation of elements. Bromegrass consis-
tently had higher accumulations of phosphorus, iron, boron, 
copper, zinc, cobalt and barium while tall fescue foliage had 
higher accumulations of chloride, potassium, calcium, mag-
nesium, manganese, aluminum, strontium, molybdenum, sodium and 
silicon. A trend between the accumulations of sodium and 
chloride was also noted where a relatively high or low accumu-
lation of one was reflected by a similarly high or low accumu-
lation of the other in each grass. However, these were not 
proportional. 
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Table 25. Range of accumulation of elements in the foliage 
of bromegrass and tall fescue as determined by 
spectographic analysis 
Element 
.Potassium 
Phosphorus 
Calcium 
Magnesium 
Chloride a 
Sodium 
Silicon . 
Manganese 
Iron 
Boron 
Copper 
Zinc 
Aluminum 
strontium 
Molybdenum 
Cobalt 
Barium 
Unit 
percent 
percent 
percent 
percent 
percent 
percent 
percent 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
LOw 
2.13 
0.48 
0.55 
0.33 
0.70 
less than 0.01 
0.04 
56 
89 
13 
14 
49 
59 
12 
1.19 
0. 84 
o.o4 
Range 
High 
5.16 
1.66 
2.39 
0.98 
5.29 
0.24 
0.45 
296 
507 
129 
35 
156 
376 
29 
5.06 
12.33 
0. 11 
aTreatments 1 through 9 only were analyzed for chloride. 
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In bromegrass, analysis of variance, Table 26, showed a 
highly significant increase in the chloride content between a1 
and a3• The differences between ratios of added cations were 
not significant. Chloride accumulation in the foliage, Table 
28 through Table 30, increas~d, in all instances, as the chlor-
ide concentration of the nutrient solution increased. 
Potassium accumulations in the foliage, Tables 27, 29 and 
30, tended to decrease as the concentration of the nutrient 
solution increased, with a few exceptions. In general, these 
accumulations fall within a range of one percent of the total 
for any given type of treatment . 
Calcium accumulation, Tables 28, 29 and 30, followed the 
same general trend also with some exceptions. For all types 
of treatment except the three levels of nutrient solution 
(treatments 10, 11 and 12) the calcium accumulations fluctuated 
within a relatively narrow range. In the nutrient solution 
treatments there was no set pattern common to the three har-
vests. 
Magnesium accumulation in bromegrass foliage as shown in 
Tables 28, 29 and )0, is not responsive to the concentration of 
the nutrient solution nor to the level of magnesium ions in the 
solution. While the percentage of magnesium in the tissue is 
relatively small it fluctuates over a rather narrow range. Mag-
nesium also has a small but constant increase in accumulation 
"+t\. t.'n. t.\.~e ~'n.\.c'n., ~'n.\.l.e c'n.a'l:'act.e'l:'\.<at.\.c ot c'n."l.o'l:'\.O..e, \.<a n.ot. to'\l.n.O.. 
in potassium and calcium. 
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In bromegrass, analysis of variance, Table 26, showed a 
highly significant increase in the chloride content between a1 
and H3• The differences between ratios of added cations were 
not significant. Chloride accumulation in the foliage, Table 
28 through Table 30, increasgd, in all instances, as the chlor-
ide concentration of the nutrient solution increased. 
Potassium accumulations in the foliage, Tables 27, 29 and 
30, tended to decrease as the concentration of the nutrient 
solution increased, with a few exceptions. In general, these 
accumulations fall within a range of one percent of the total 
for any given type of treatment . 
Calcium accumulation, Tables 28, 29 and 30, followed the 
same general trend also with some exceptions. For all types 
of treatment except the three levels of nutrient solution 
(treatments 10, 11 and 12) the calcium accumulations fluctuated 
within a relatively narrow range. In the nutrient solution 
treatments there was no set pattern common to the three har-
vests. 
Magnesium accumulation in bromegrass foliage as shown in 
Tables 28, 29 and 30, is not responsive to the concentration of 
the nutrient solution nor to the level of magnesium ions in the 
solution . While the percentage of magnesium in the tissue is 
relatively small it fluctuates over a rather narrow range. Mag-
nesium also has a small but constant increase in accumulation 
with time which, while characteristic of chloride , is not found 
in potassium and calcium. 
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Table 26. Analysis of variance of chloride content of brome-
grass foliage treated with 3 concentrations of 
sodium chloride at 3 ratios of added cations 
Sum of Mean 
source d.f. squares square 
Ratio 2 0.0380 0.0190 n.s. 
Harvest (time) 2 2.1052 1.0526 
Error 4 0.2295 0.0574 
Total 8 
**Highly significant according to the "F" test of 
Snedecor (33) . 
** 
Table 27. Analysis of variance of chloride content of tall 
fescue foliage treated with 3 concentrations of 
sodium chloride at 3 ratios of added cations 
Sum of Mean 
Source d. f. squares square 
Ratio 2 0.0230 0.0115 
Harvest 2 6.6269 3.3135 
Error 4 0.2465 0.2465 
Total 8 
**Highly significant according to the "F" test of 
Snedecor (33). 
n.s. 
** 
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Table 28. Bromegrass roliage average weekly fresh and dry 
weight yields and inorganic analysis of harvests 1, 
2 and 3(H1 ) for chloride, potassium, calcium and 
magnesium 
Avera~e weeklz 
i'resh Dry Percent of foliafie 
Treatment weight weight ci K Ca t1g 
1 22.57 4.93 0.70 4.23 0.89 0.37 
2 18.17 4.37 1.02 4.14 o.aa 0.35 
3 17.20 4.03 1.25 3.59 0.77 0.33 
4 21.17 4.77 0.72 4.08 0.81 0.36 
5 18.33 4.30 1.12 3.96 0.70 0.36 
6 15.37 3.97 1 .35 3.47 o.62 0.38 
7 21.23 4.67 0.75 3.81 0.74 0.40 
8 17.73 4.30 1.20 3.87 0.69 0.42 
9 15.77 4.07 1.70 3.88 o.61 0.39 
10 23.60 5.10 0.31 4.24 0.97 0.44 
11 18 .77 4.63 4.10 0.95 0.42 
12 15.13 4.27 3. 76 1.23 0.51 
13 15.70 4.13 4.42 0.77 0.33 
14 10.27 3.40 4.13 0.66 0.35 
15 11.57 3.67 3.75 0.56 0.36 
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Table 29. Bromegrass foliage average weekly fresh and dry 
weight yields and inorganic analysis of harvests 
4 through 8(H2) for chloride, potassium, calcium 
and magnesium 
Avera5e week!~ 
Fresh Dry ;eercent of folia6:e 
Treatment weight weight ci K Ca Mg 
1 18 .92 3.14 1.12 3.82 0.95 0.46 
2 15.70 2.82 1.78 3.37 0.86 0.38 
3 9.74 1.78 2.84 3.21 0.94 0.40 
4 17. 84 3.08 1.10 3.84 0.85 0.41 
5 12.82 2.22 1.88 3.71 0.74 0.39 
6 10 .22 1.84 1.96 3.60 0.64 0.38 
7 17.08 3.04 1.07 3.73 0.66 0.44 
8 14.36 2.52 1.41 J.87 0.68 0.47 
9 11.52 2.36 1.92 3.79 0.64 0.46 
10 21.66 3.22 0.42 4.17 1 . 04 0.48 
11 16.96 2.40 4.10 1.23 o. 51 
12 12. 96 1.70 2.13 0.84 0.35 
13 18.60 2.70 4.82 0.68 0.36 
14 15.06 2.38 4.91 0.62 0.38 
15 11. 1.,.o 1.82 4.05 0.55 0. 40 
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Table )0. Bromegrass foliage average weekly fresh and dry 
weight yields and inorganic analysis of harvests 9 
through 1J(H3) for chloride, potassium, calcium and 
magnesium 
Avera6e weeklz 
Fresh Dry Percent in folia6e 
Treatment weight wei ght ci K Ca t1g 
1 15.90 3.28 1.98 4.12 0.88 0.54 
2 12.26 2.78 2.63 3.41 0.83 0.50 
3 7.40 1.78 3. 22 3.56 0.81 0.39 
4 15.96 3.36 1.65 4.14 0.82 0.53 
5 9.86 2.24 2.76 3.86 0.80 0.51 
6 8.08 2. 00 ). 26 3.28 0.72 0.57 
7 16.58 3.56 1.60 4.00 0.69 0.60 
8 14.22 3.14 2.22 3.94 0.73 0.65 
9 9.68 2.42 2.50 3.70 0.68 0.63 
10 23.58 4.36 0.48 4.09 1.11 0.65 
11 13.50 ).10 4. 72 1.46 0.65 
12 7.16 1 . 68 4.64 1.53 o.6o 
13 23.06 4.46 4.70 0.74 0.42 
14 25.06 4.90 4.67 0.74 0.50 
15 20.66 4.52 3.92 0.63 0.48 
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Analysis of bromegrass root tissue, Table 31, showed an 
increase in chloride accumulation as the concentration of 
chloride in the nutrient solution increased. There was no well 
defined trend for potassium, calcium or magnesium that would 
correlate with sodium chloride concentration or cation ratio. 
Roots of bromegrass in this experiment accumulated substantial-
ly less chloride and magnesium, slightly less potassium and 
substantially more calcium than the foliage. Treatments 13, 
14 and 15 (polyethylene glycol) had extremely high, dry weight 
yield of roots compared with other treatments which was re-
flected in high accumulation of calcium and magnesium but a 
very substantial reduction of potassium. 
In tall fescue, analysis of the variance, Table 27, showed 
a highly significant increase in the chloride content of the 
foliage from H1 to H3• The differences between ratios of 
sodium to added cations were of no statistical significance. 
Chloride accumulation in the foliage, Tables 32, 33 and 34, 
had a consistent trend in H1 and H3 to increase as the concen-
tration in the nutrient solution increased. In H2 this trend 
was evident only for treatments 7, 8 and 9 (2z5 ratio of 
sodium to total added cations). In treatments 1, 4 and 7 the 
chloride accumulation in the foliage was the lowest of its 
group and corresponded to the relative concentrations of chlor-
ide in the nutrient solutions. Other solutions varied widely 
as to the relative amount of chloride accumulated in the 
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Table 31. Dry weight yield and inorganic analysis of brome-
grass roots for chloride, potassium, oaloium and 
magnesium 
Dry weight Percent in roots 
Treatment (grams) ci R Ca Mg 
1 8.4 0.37 3.04 2. 35 0.29 
2 7.9 0.59 3.10 1.72 0.28 
3 5.0 0.92 2.24 1.77 0.27 
4 8.2 0.45 3.05 1.53 0.29 
5 4.8 o.ao 3.07 1.30 0.29 
6 5.4 0.86 4.33 1.82 0.38 
7 9.2 0.37 3.45 2.09 0.34 
8 8.7 0.73 4.14 1.39 0.32 
9 6.2 1.00 3.20 1.72 0.33 
10 11.7 0.33 3.65 2.29 0.27 
11 7.5 3.32 2.80 0.25 
12 5.7 - 2.11 2.47 0.29 
13 20.0 1.73 6.80 0.52 
14 17.5 - 1.41 7.90 0.45 
15 15. 8 - 1.65 5.87 0.56 
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Table 32. Tall fescue foliage average weekly fresh and dry 
weight yields and inorganic analysis of harvests 1, 
2 and 3(H1 ) for chloride, potassium, calcium and 
magnesium 
Averas:e week1z 
Fresh Dry Percent in folia5e 
Treatment weight weight ci K Ca Mg 
1 34. 83 6.67 1.04 4.32 0.89 0.42 
2 32.27 6.10 1 . 35 3.87 0.88 0.41 
3 31 . 27 6.17 1.68 3.35 0. 78 0.39 
4 34.17 6.47 1.07 4.12 0.92 0. 44 
5 33.70 6.43 1.28 4. 25 0.79 o.42 
6 30.23 5.77 1.50 4.21 0.79 0.48 
7 31.50 ;.97 1 . 00 4.08 1.06 0.57 
8 29.93 5.90 1.30 4.27 o. 71 0.43 
9 25.93 5.47 1 . 66 4.21 0.68 0.46 
10 33.80 6.37 0.34 4.63 1.06 0.45 
11 29.43 6.13 4. 56 1 . 01 0.42 
12 27.33 5.77 4. 53 1 . 00 0.44 
13 27.77 5.73 4.27 0.77 0.36 
14 16.80 4.53 4.26 0.76 0.37 
15 18.17 4.67 4.18 0.77 0.46 
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Table :33. Tall fescue foliage average weekly fresh and dry 
weight yields and inorganic analysis of harvests 4 
through 8(H2) for chloride, potassium, calcium and 
magnesium 
Avera~e weeklz 
Fresh Dry Percent in folia~e 
Treatment weight weight a I K Ca Mg 
1 )) . 70 5.64 1.85 ).68 1.16 0.58 
2 27.62 4.70 ).09 ).50 1. 08 0.55 
3 2).10 4.24 2.14 ).04 1.04 0.5) 
4 31.60 5. 56 2.01 ).56 1.09 0.59 
5 25.56 4.44 2.87 ).56 1.03 o.65 
6 23.90 4.20 2.48 4.04 1.20 0.64 
7 28.42 4.42 1.86 4.25 1.06 0.7) 
8 25.20 4.46 2.75 4.01 0.95 0.74 
9 21.98 4.00 ).45 4.11 0.81 0.71 
10 31.)4 5.08 1.30 ).81 1.34 0.65 
11 23.32 4.70 4.22 1.92 0.91 
12 15.70 ) .16 4.44 2.07 0.95 
13 26.80 5.00 ).8) 1.01 0.50 
14 24.)0 4.86 ).97 0.92 0.51 
15 22.88 4.90 4.00 0. 79 0.56 
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Table 34. Tall fescue foliage average fresh and dry weight 
yields and inorganic analysis of harvests 9 through 
13(H~ for chloride, potassium, calcium and mag-
nesi 
Avera~e Weeklz 
Fresh Dry Percent in folia~e 
Treatment weight weight ci K Ca Mg 
1 20.,66 3.82 2.32 3. 44 1.,48 0. 75 
2 16.82 3. 26 3~54 3. 02 1.19 0.,58 
3 13 .. 92 2.92 5.29 2.92 1.,24 0. 59 
4 18 . 24 ).52 2.29 3.78 1 .. 15 0.,65 
5 16.66 ).44 3. 52 )o60 1.33 0. 78 
6 14.90 ).,16 4 . 66 3. 90 1 . 16 0. 74 
7 19.12 3. 72 2"20 4 .. 23 1.)3 0. 93 
8 15.,82 3. 36 ) . 62 4.14 1.21 0.88 
9 14. 42 3. 28 ) .. 43 4 . 21 1 . 28 0. 93 
10 25.54 4.54 0. 64 4.05 1 . 47 0 . 73 
11 12.24 2.72 4.,89 1.,92 0.91 
12 5. 18 1 . 38 5.,16 2 .. 39 0 .. 98 
lJ 18.54 4.08 ).80 0.93 0.51 
14 19.24 4.26 ) . 87 0.,81 0.53 
15 19. 78 4.72 3. 98 0. 76 0. 57 
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foliag~. 
Potassium accumulation for treatments 1, 2 and 3 (sodium 
chloride with no added cations) as shown in Tables 32, 33 and 
34, had a decrease as the chloride accumulation increased but 
treatments 4 through 9 had no definite response to chloride 
accumulation in the foliage (or, similarly, concentration of 
chloride in the nutrient solution). The highest levels of 
potassium accumulation were associated with treatments 10, ll 
and 12 (nutrient solution at three concentrations). Potassium 
has a wide range of accumulation varying from a low of 2.92 
percent to a high of 5.16 percent both in H3• The range widens 
from a1 to a3• 
Calcium accumulation in H1 , Table 32, and H2, Table 33, 
had a trend toward a decrease as chloride accumulation increas-
ed. This trend is not as definite in a3, Table 34. Calcium 
also had a relatively wide range in accumulation varying from 
a low of 0.68 percent to a high of 2.39 percent. 
In treatments 10, 11 and 12 (nutrient solution at three 
concentrations) and treatments 13, 14 and 15 (polyethylene 
glycol) magnesium showed a consistent trend over a1 , a2 and a3 
for increased accumulation as the concentration of the nutrient 
solution increased. All other treatments were mixed in their 
response to concentration level or chloride level of the 
nutrient solution. Magnesium accumulations vary from a low of 
0.36 percent to a high of 0.98 percent. Chloride, calcium and 
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magnesium all had an increase in accumulation from H1 to H3 
while potassium declined. 
Inorganic analysis of tall fescue root tissue, Table 35, 
had no definite trends in chloride, potassium, calcium or 
magnesium accumulation. Treatments 4, 5 and 6 (2:3 ratio of 
sodium to total added cations) and 7, 8 and 9 (2:5 ratio of 
sodium to total added cations) both had an increase in accumula-
tion of chloride in the tissue as the concentration of chloride 
increased in the nutrient solution. Potassium accumulation 
also increased in these treatments similar to chloride. Cal-
cium decreased in treatments 4, 5 and 6, magnesium increased in 
treatments.?, 8 and 9 but all other data on treatments 1 
through 9 are mixed. In those treatments using three concen-
trations of nutrient solution (10, 11 and 12) potassium 
accumulation decreased as the nutrient solution concentration 
increased while calcium and magnesium concentrations increased 
with the nutrient solution concentration. 
Treatments using polyethylene glycol (11, 12 and lJ) pro-
duced the greatest dry weight yield of root tissue, had lowest 
potassium accumulation but a greater magnesium accumulation 
and a far greater calcium accumulation. 
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Table 35., Dry weight yield and inorganic analysis of tall 
fescue roots for chloride, potassium, calcium and 
magnesium 
Dry weight Percent in roots 
Treatment (grams ) c1 K Ca I>ig 
1 6.3 0.70 1.83 2.?6 0.37 
2 5.0 0.59 1.L~7 1.36 o. 21 
3 4.7 0.87 1.35 1.97 0.24 
4 6.0 o.~·o 1.53 2.27 0.23 
5 5.4 0.68 2.01 1.85 0.25 
6 5.9 0. 81 2.10 1.64 0.24 
7 7.0 0.45 1. 99 2.74 0.28 
8 s.s 0.70 2.28 1.39 0.26 
9 5.7 1.07 2.48 1.46 0.25 
10 6.7 0.21 2.62 1.97 0.24 
11 6.0 1.57 2.11 0.25 
12 5.1 0.87 2.35 0.27 
13 19.5 0.?3 6. 80 o.q1 
14 22.4 - 1.11 8.10 o. 6o 
15 13 .. 2 0.92 3.23 0 • .52 
73b 
• • • • • • • • • • • • • • • • • • • • • • 4 4 
• • • • • • · · · · · · · · SALT AND OSMOTIC PIISSUII IUICTS .. 
. . . . . . . . . . . . . . 
. . . • : • : . : : : : , : : . : : . . : : : : : ~':"'C~O<i"' No.-,., : : : : : : : • , 
Figure 8. Bromegrass. Treatments 1, 2 and 3 respectively 
(sodium chloride with no added cations). Fresh 
and dry weight yields of foliage and dry weight 
yield of roots all decreased as the concentration 
of sodium chloride increased. No significant dif-
ference between 1 and 2 in fresh weight foliage 
yield but 3 was significantly reduced below 1 and 2. 
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Figure 9. Bromegrass. Treatments 4, 5 and 6 respectively 
(2a3 ratio of Na to total added cations). Fresh 
and dry weight yields of foliage decreased as the 
concentration of sodium chloride increased. Dry 
weight yield or roots was highest in treatment 4 
and lowest in treatment 5. Treatment 4 had a sig-
nificantly higher fresh weight yield or foliage 
than 5 and 6 which were not significantly different 
from each other. 
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Figure 10. Bromegrass. Treatments 7, 8 and 9 respectively 
(2:5 ratio of sodium to total added cations). 
Fresh and dry weight yields of foliage and dry 
weight yield of roots were all depressed as the 
concentration of sodium chloride increased. In 
fresh weight yield treatment 7 was not signifi-
cantly different from 8 and 8 was not signifi-
cantly different from 9 and 7 was significantly 
greater than 9. 
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Figure 11. Bromegrass. Treatments 10 (check), 11 and 12, 
respectively, (basic nutrient solution, x 5. 0 
and x ?.5). Fresh and dry weight yields of 
foliage and dry wei ght yield of roots were all 
depressed as the concentration of the solution 
increased. Treatment 10 (check) had the highest 
fresh and dry weight foliage yields of all treat-
ments. Treatment 10 (check) was significantly 
greater in fresh weight yield than 11 and 11 was 
significantly greater than 12. 
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Figure 12. Bromegrass. Treatments 13, 14 and 15 respectively 
(polyethylene glycol) . Fresh and dry weight 
yields of foliage and dry weight yield of roots 
were all depressed as the concentration of poly-
ethylene glycol increased. Dry weight root yields 
were substantially higher than any other treat-
ments averaging slightly above 150 percent of 
treatment 10 (check) . There was no significant 
difference between 14 and 15 but 13 was signifi-
cantly greater than 15. 
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Figure 13. Tall fescue . Treatments 1, 2 and 3 respectively 
(sodium chloride with no added cations). Fresh 
and dry weight yields of foliage and dry weight 
yield of roots were all depressed as the concen-
tration of sodium chloride increased. There was 
no significant difference between the fresh weight 
yields of treatments 1 and 2 or between 2 and 3 
but treatment 1 was significantly greater than 3. 
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Figure 14. Tall fescue. Treatments 4, 5 and 6 respectively 
(2a3 ratio of sodium to total added cations). 
Fresh and dry weight yields of foliage decreased 
as the concentration of sodium chloride increased. 
Treatment 4 (low sodium chloride) had the highest 
dry weight root yield and treatment 5 had the low-
est. On a fresh weight yield basis there was no 
significant difference between the yields of 
treatments 4 and 5 or between 5 and 6 but 4 was 
significantly greater than 6. 
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Figure 15. Tall fescue. Treatments 7, 8 and 9 respectively 
(2:5 ratio of sodium to total added cations). 
Fresh and dry weight yields of foliage decreased 
as the concentration of sodium chloride increased. 
Treatment 7 (low sodium chloride) had the highest 
dry weight root yield with treatment 8 only slight-
ly lower than treatment 9 (high sodium chloride). 
In fresh weight yield there was no significant 
difference between treatments 7 and 8 or between 
8 and 9 but 7 was significantly greater than 9. 
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Figure 16. Tall fescue. Treatments 10 (check), 11 and 12 
respectively (basic nutrient solution, x 5.0 and 
x 7.5. Fresh and dry weight yields of foliage 
decreased as the concentration of the solution 
increased. Treatment 10 (check) had the highest 
fresh weight yield of all treatments but the dry 
weight yield of treatment 1 exceeded that of 
treatment 10 slightly. Treatment 12 had the low-
est fresh and dry weight yields of all treatments. 
Dry weight root yields decreased as the concentra-
tion of the solution increased. On fresh weight 
basis there were significant differences in yield 
between all treatments. 
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Figure 17. Tall fescue. Treatments 13, 14 and 15 respective-
ly (polyethylene glycol). Fresh weight yields of 
foliage decreased as the concentration of the 
solution increased. Foliage dry weight yield was 
highest for treatment 13 and lowest for treatment 
14. Dry weight root yields were highest for 
treatment 14 and lowest for treatment 15. Root 
yields for these treatments (polyethylene glycol) 
averaged in excess of 250 percent of treatment 10 
(check). Fresh wei ght yields were not signifi-
cantly different for all treatments. 
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DISCUSSION 
Several authors (Baker, (1), Holmes~ !!•' (14, 15)) are 
of the opinion that chlorides may accumulate to toxic levels in 
plant tissue. Meyer and Anderson (24) stated that plants often 
accumulate anions and cations in approximately equivalent 
quantities. In this experiment the alteration of the cation 
balance of the nutrient solution offered an approach to the 
solution of the problem of reducing or eliminating the 
deleterious effects of chlorides upon plants without affecting 
their usefulness as highway deicers. The ratios used were 
based on the relation of sodium to the total added cations as 
noted by Russell (32) for irrigation water . There were no 
statistically significant differences in fresh weight yield of 
foliage between the 2:3 ratio of sodium to total added cations 
and the 2:5 ratio of sodium to total added cations nor were 
there any significant differences between either of these 
ratios and sodium chloride without added cations . While only 
minor differences in yield were noted in the ratios used, this 
is not necessarily indicative of the failure of this approach. 
Dry wei ght root yields of both grasses showed that brome-
grass had consistently greater yields than did tall fescue. 
This was contrary to the dry weight foliage yields where tall 
fescue had greater yields. Comparison of these grasses are 
shown in Figures 8 and 13 for treatments 1, 2 and 3 respective-
ly; Figure 9 and 14 for treatments 4, 5 and 6 respectively; 
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Figures 10 and 15 for treatments 7, 8 and 9 respectively; 
Figures 11 and 16 for treatments 10 (check), 11 and 12: and 
Figures 12 and 17 for treatments 13, 14 and 15. Photographs 
were taken just prior to the final harvest and give good visual 
comparisons of both foliage and root production. 
Bernstein and Hayward (3) have observed that a large root/ 
top ratio is indicative of greater salt tolerance in plants. A 
study of the root/top ratios of bromegrass and tall fescue 
showed that in this experiment bromegrass had higher root/top 
ratios than did the tall fescue, yet the tall fescue had 
higher fresh weight foliage yields. This is indicative of an 
inherent characteristic of the tall fescue whereby it 1s better 
able to absorb water under saline conditions than is bromegrass. 
On this basis it should be a more suitable grass for use on 
highway shoulders, slopes or ditches where there is a possi-
bility of damage from accumulated salt . This observation is, 
however, subject to confirmation under soil conditions. 
In 1966 Zybura (38) reported seasonal applications of 
approximately 12,400 pounds of salt per mile of interstate 
highway in Iowa. On March 1, 1967, treatments up to 12 times 
this rate were applied to 15 established grasses while the 
soil was frozen. Random observations during the growing season 
failed to show any visible symptoms of salt damage to the 
plants. On August 30, 1967 cover density was observed and 
rated on a one to five basis (1 = 0 to 20 per cent of ground 
covered, 5 = 80 to 100 per cent covered) and these ratings were 
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compared with similar observations made the previous year. 
Tall fescue was the only grass to maintain a five rating for 
all treatments both before and after. Reed canarygrass, 
common Kentucky bluegrass and Troy Kentucky bluegrass rated 
only slightly lower than the rating taken previous to treat-
ment. other grasses were reduced from 25 to 75 per cent. 
These observations support the results of the solution 
culture studies which showed tall fescue to be quite tolerant 
of a saline substrate. It also confirms the observations of 
stoeckler and Weitzman (34) and those of Holmes !! al., (14, 
15) that there is little infiltration of water into a frozen 
soil and that salt applied to frozen soil will not have a 
deleterious effect on vegetation growing in that soil. 
With but one minor exception the cumulative fresh weight 
and dry weight yields of foliage are below those of the check 
(Treatment 10). Zybura ()8) noted in his work on soil that up 
to 1262 ppm of NaCl in the soil resulted in increased yield 
over the check which had received no NaCl. The results of 
this experiment do not confirm his finding and indicate that 
the stimulation that he found is probably a NaCl-soil interac-
tion rather than a direct stimulus of the NaCl on the grass. 
This reaction may also be specific for different grasses as 
revealed by the inorganic analyses of these grasses where each 
grass showed greater preference in the accumulation of specific 
ions. 
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Inorganic analysis of the foliage and root tissue of both 
bromegrass and tall fescue did not lend itself to extended 
statistical analysis due to the composite nature of the samples 
and the lack of replication. It was sufficient, however, to 
indicate that there were no significant differences in chloride 
accumulation between the ratios of sodium to total added 
cations, Tables 26 and 27. There was a highly significant dif-
ference in the chloride accumulation by the foliage of both 
grasses over time and chloride accumulation in the foliage 
also increased as the chloride concentration in the nutrient 
solution increased. Chloride accumulation by the root tissue 
was substantially below that of the foliage and yet indicated 
a definite trend toward increased accumulation as the chloride 
concentration of the nutrient solution increased. Brown et al., --
(4) found that one per cent chloride by dry weight was lethal 
to peach leaves and o.; per cent produced serious leaf margin 
burn. Bromegrass, Figures 8, 9 and 10, had chloride accumula-
tions of 2.0 per cent or more and tall fescue, Figures 1), 14 
and 1;, had chloride accumulations of ).0 per cent or more. 
Chloride accumulation in this experiment occurred under 
conditions of relatively constant concentrations in the nutri-
ent -solution. However, Prior and Berthouex ( 28) found that 
most of the salt had disappeared from the soil by April and 
reached its lowest point in the late fall which would create a 
condition of reduced concentration with time. Chloride accumu-
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lation in the plant, therefore, should decline with time dur to 
the decreasing soil concentration. With the indicated high 
tolerance to saline conditions, tall fescue should continue 
high foliar production with a minimum of interruption from 
saline soil conditions and then, only in the early spring. 
Comparison was made of the effects on yield of osmotic 
pressures developed by sodium chloride and equivalent osmotic 
pressures developed by the use of polyethylene glycol. Treat-
ments 1 and 13; 4 and 14; and 7 and 15 were paired with 
approximately equal osmotic pressures. Treatments 1, 4 and 7 
were the low concentration (580 ppm) of sodium chloride in 
each added cation while treatments 13, 14 and 15 had polyethy-
lene glycol added to them to produce the desired osmotic pres-
sures in the manner described by Cheesman, Roberts and Tiffany 
(7). Comparison of these data by J)l.ncan's multiple range test 
(8), Tables 12 and 13 showed no significant differences between 
treatments in either fresh weight or dry weight yield of brome-
grass and no significant differences between treatments for 
dry weight yield of tall fescue. However, the polyethylene 
glycol treatments had a significant reduction in fresh weight 
yield from the sodium chloride treatments, Table 12. 
The influence of osmotic pressure on dry weight yield does 
not show a significant difference between the agents used to 
develop it. Fresh weight yields, however, conclusively show 
the ability of the tall fescue to absorb water from a saline 
solution while absorption is inhibited by the polyethylene 
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glycol. 
This research has disclosed several factors that should be 
considered in the design of additional investigations concern-
ing the responses of grasses to sodium chloride in solution 
culture. Basically, a smaller number of treatments with a 
greater number of replications would yield sufficient quantities 
of foliage for analytical purposes without the necessity of com-
bining harvests. Sodium chloride concentrations should be 
raised to a point substantially higher than that found in road-
side soils. In fact, a separate study seems in order to more 
closely determine the quantities of sodium chloride actually 
reaching the roadside soil and the relationship of that quanti-
ty to the quantity and time lapse since applied to the high-
way. A study of the movement of sodium and chloride ions in 
the soil including both direction and time would also yield 
data of benefit to the researcher. There is evidence in the 
findings of Stoeckler and Weitzman (34) and Holmes et al., (14, --
15) that there is little infiltration of water into a frozen 
soil and consequently, little sodium chloride would be intro-
duced through runoff. 
A substantially higher range of osmotic pressures must be 
developed before meaningful data can be secured. The range of 
osmotic pressures developed by the treatments 1n this experi-
ment was from .26 to 2.39 atmospheres with a coefficient of 
correlation too low to be significant. 
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Finally, all findings and conclusions derived from solu-
tion culture studies should be correlated with the results of 
similar treatments on soil media before attempting to translate 
the solution culture results into practical applications . 
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SUMMARY 
Bromus inermis Leyss variety Lincoln and Festuca ~­
dinacea Schreb. variety Kentucky 31, commonly known as brome-
grass and tall fescue respectively, are two grasses widely used 
for roadside turf purposes. Solution culture studies were made 
to determine the relative tolerances of these grasses to three 
concentrations of sodium chloride with three ratios of sodium 
to total added cations, three concentrations of balanced nutri-
ent solution and three concentrations of polyethylene glycol. 
Comparison of fresh weight yields and inorganic analysis of 
the foliage showed that tall fescue produced significantly 
higher yields while accumulating chlorides to a highly signifi-
cant degree above the bromegrass. 
There were no significant differences between the ratios 
of added cations as used in this experiment and no significant 
differences between the dry weight yields of treatment x grass 
interaction. Tall fescue also had significantly higher yields 
of foliage in the check treatment. The balance of the treat-
ments showed no significant differences between the grasses in 
foliage yield. 
Bromegrass produced the largest dry weight yield of roots 
and the tall fescue produced the largest dry weight yield of 
foliage. Comparison of the mean dry weight root yields by 
treatment showed significantly higher yields by both grasses in 
the polyethylene glycol treatments. The average increase of 
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the three polyethylene glycol treatments over the check was 
150 per cent for bromegrass and 270 per cent for the tall 
fescue. 
Bromegrass had larger root to top ratios than tall fescue 
in all treatments. According to some authors, plants with 
larger root to top ratios posess a greater degree of salt 
tolerance than those with a smaller ratio. With no signifi-
cant differences between the dry weight yields of these grasses 
and tall fescue having a significantly larger fresh weight 
yield than bromegrass, it is indicative of its capacity to 
absorb greater quantities of water from a saline substrate with 
a smaller root system. 
Analysis of foliage tissue for chloride accumulation show-
ed that tall fescue had greater quantities than bromegrass in 
nearly all instances. With inadequate quantities of tissue 
for replication of samples, these data indicate trends only. 
However, the preponderance of evidence indicates that not only 
does tall fescue appear to tolerate greater accumulations of 
salt in the tissues than does bromegrass, but it evidently can 
also absorb water more efficiently. 
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APPENDIX A 
Table 3§~ m CWnul!l,ti ve f:resh weight yi~.1.d in grams of bromegrass foli!l.Se, block 1 
Harvest dates 
Treat- Marcfi April April April April April May~ May~· -May May .rune .rune····~ .rune 
ment 2,2 1 8 1,2 22 29 8 1~ 20 2Z ~ 10 1Z 
1 8.2 14.2 19.7 25.7 32.7 37.2 44.4 49.1 54.3 62.1 65.8 69.6 73.5 
2 7.4 12.4 18.2 22.9 28.3 31.2 36.2 39.2 43.1 48.6 51.8 55.2 57.6 
3 8.3 13.2 17.9 21.1 23.9 25.2 28.2 29.8 31.7 35.0 36.4 37.7 39.5 
4 9.3 15.4 22.9 29.1 36.2 40.4 47.4 53.0 58.7 67.3 71.1 74.6 78.5 
5 8.2 13.6 19.6 23.8 31.5 34.5 40.2 44.0 48.0 55.0 57.0 59.8 61.6 
6 7.0 11.9 17.1 21.6 26.4 29.1 32.3 34.1 36.6 39.5 41.5 42.7 43.9 
00 
7 9.2 14.8 21.2 26.7 34.4 38.4 43.0 48.1 54.7 63.1 68.3 76.3 
\0 
72.3 
8 6.7 11.9 18.0 23.1 28.2 31.4 35.4 38.8 43.9 51.2 54.0 57.6 60.5 
9 7.6 11.9 16.2 19.5 22.7 24.4 26.8 28.6 30.8 34.5 36.3 37.8 39.5 
10 8.2 15.9 24.9 31.1 37.5 42.7 53.7 58.3 66.1 77.1 83.4 89.7 95.9 
11 6.8 12.1 19.7 24.7 29.9 34.9 40.7 46.0 51.5 59.3 62.4 65.3 68.2 
12 6.9 11.0 15.6 19.0 24.6 27.3 30.9 33.8 37.0 40.5 42.5 43.9 44.8 
13 7.3 11.2 15.3 19.4 24.9 28.5 35.1 39.6 47.0 56.5 61.9 66.5 73.5 
14 8.0 10.0 13.0 16.2 22.0 28.5 39.4 46.9 57.0 71.3 80.3 88.3 98.7 
1.2 2·2 z.8 11.,5 1~.9 17.,S 20.,2 25.8 29.6 34~ __ 1±J.8_5Q~_ 5§~_6lt.3 
Table 37. Cumulative fresh weight yield in grams of bromegrass foliage, block 2 
Harvest dates 
Treat- March April April April April April May May May May June June June 
ment 2~ 1 8 1~ 22 22 8 lJ 20 2Z J 10 17 
1 9.8 16.9 25.1 31.3 41.3 46.2 52.4 57.9 65.4 71.5 78.0 82.0 86.6 
2 6.4 11.7 19.0 25.8 34.0 38.0 43.0 46.9 52.4 57.9 62.5 65.4 68.7 
3 8.2 13.0 17.8 21.3 26.2 28.2 31.5 35.4 38.4 41.4 44.0 46.0 47.7 
4 8.2 14.4 21.6 27.6 37.3 42.9 49.4 55.4 61.9 71.9 77.1 82.0 86.5 
5 8.8 14.5 20.5 24.3 29.4 31.6 35.0 37.7 40.6 44.8 47.8 49.4 51.3 
6 6.0 10.2 14.1 16.7 19.7 21.2 23.4 25.4 28.2 30.9 32.4 33.4 34.6 
'1.0 
7 7.7 13.4 20.7 26.9 35.1 38.9 43.1 47 .9 53.8 61.3 66.8 71.3 76.:3 
0 
8 6.8 11.6 16.5 21.0 27.1 30.7 35.5 40.2 46.0 52.3 57.5 60.8 64.6 
9 7~0 11.6 16.4 20.2 25.5 28.0 31.8 35.5 39.0 44.4 48.1 50.6 53.2 
10 7.9 14.9 23.0 30.6 38.2 43.7 51.2 57.6 66.4 77.9 85.5 90.3 97.4 
11 7.0 12. 2 17.4 21.8 27.6 31.6 36.9 41.8 47.4 52.7 56.2 59.1 61.5 
12 6.1 10.4 14.8 18.1 23.3 25.9 29.1 32.2 35.1 38.1 40.2 41.8 42.6 
13 7.7 11.2 15.3 18.1 22.9 27.1 32.9 37.3 44.5 53.4 60.3 64.6 70.0 
14 5.0 6.6 9.1 11.2 14.3 16.7 20.1 24.3 29.7 36.8 42.2 47.4 52.4 
1,2 7.0 10.4 14.6 17.8 22.9 26 • 0 ___31 • 0 __ _16 ~_o 43.0 55.1 62.5 68.1 73.5 
Table 38. Cumulative fresh weight yield in grams of bromegrass foliage, block 3 
Harvest dates 
Treat- March April April April April Aprll: ___ May- May- May-- May June--Jline June 
ment 25 l 8 15 22 29 8 13 20 2? 3 10 17 
1 8.? 15.8 22.7 29.8 3z.o 41.9 55.1 so.6 61.1 zo.6 ?5.6 ?8.7 8.15 
2 6.0 11.2 1?.3 23.1 31.2 36.2 43.3 46.9 51.9 sa.o 61.0 64.8 68.0 
3 6.4 11.1 15.9 20.9 24.? 2?.? 32.3 35.1 39.1 44.2 46.8 48.9 50.1 
4 ?.4 12.0 19.0 24.6 29.9 33.9 40.8 44.3 49.1 56.? 60.3 64.3 6?.5 
5 
6 
7 
6.2 10.6 14.9 19.1 24.2 27.5 34.2 37.4 41.3 47.8 
5.5 10.5 14.9 18.? 22.? 26.9 34.2 3?.? 42.1 49.5 
?.9 14.8 21.8 28.5 34.3 39.6 48.4 53.1 58.9 69.3 
50.0 53.1 55.5 
53.0 55.8 59.1 
\0 
?2.8 ?5.8 ?9.8 ~ 
8 z.o 12.3 18.? 23.2 2?.5 32.5 40.? 46.0 51.9 61.5 64.? 6?.9 ?1.0 
9 6.2 10.4 14.? 20.1 24.9 29.5 36.? 40.8 45.3 51.5 54.9 58.1 60.6 
10 8.4 15.5 22.9 30.8 40.0 4?.0 58.0 63.2 ?0.4 84.3 90.8 95.8 103.? 
11 6.0 12.4 19.2 26.0 32.5 39.2 48.4 53.3 59.? 69~9 ?3.4 ?6.6 ?8.9 
12 6.7 10.4 15.0 20.6 26.1 31.3 39.8 44.1 48.1 53.1 55.2 57.3 58.5 
13 8.3 12.3 16.5 21.8 30.6 40.8 55.? 63.2 ?2.2 86.3 92.8 102.6 111.9 
14 5.5 z.3 a .z 1o.z 13.9 19.2 29.1 34.9 42.? 5?.4 64.4 z1.a 80.3 
15 5.8 ?.4 8.6 10.1 12.5 15.3 22.3 26.1 32.2 44.1 48.3 52.4 5?.2 
Table 39. Cumulative dry weight yield in grams of bromegrass foliage, block 1 
Harvest dates 
Treat- March April Aprrr-Apr11 April April May May May May June June June 
ment 2~ 1 8 1~ 22 22 8 li 20 2Z J 10 1Z 
1 2.1 3.3 4.5 5.5 6.9 7.6 8.7 9.2 10.1 11.8 12.8 13.6 14.5 
2 2.0 3.0 4.2 5.2 6.4 6.8 7.7 8.1 8.9 10.1 11.0 11.8 12.5 
3 2.0 3.0 4.1 4.8 5.4 5.6 6.1 6.2 6.5 7.4 7.9 8.5 8.7 
4 2.1 3.3 4.8 5.8 7.3 8.2 9.4 10.2 11.3 13.2 14.2 15.1 16.0 
5 2.0 3.1 4.3 4.8 6.3 6.9 7.9 8.3 9 .. 2 10.8 11.3 12.1 12.4 
6 2.0 3.1 4.2 5.1 6.2 6.6 7.3 7.5 8.1 8.9 9.5 9.8 10.1 
"' 7 2.1 3.2 4.3 5.2 6.7 7.4 8.4 9.0 10.2 12 .. 0 13.2 14 .. 1 15 .. 0 N 
8 1.9 2.9 4.4 5.4 6.5 6.9 7.6 8 .. o 9.0 10.6 11.4 12.3 13.1 
9 2.0 3.0 4.0 4.5 5.l~ 5.6 6 .. 1 6.3 6.8 7.8 8.4 8.8 9.1 
10 2.0 3.5 5.) 6.3 7.5 8.2 10.0 10o6 12.0 14.0 15.4 16.9 18.0 
11 1.9 3.0 4.8 5.7 6.9 7.7 8.8 9.6 10.6 12.5 13.4 14.3 15.1 
12 2.0 4.0 5.1 5.7 7.1 7.6 8ro4 8.9 9.5 10.5 11.0 11.4 11.6 
13 2.0 ).0 4.2 5.2 6.5 7.0 8 .. 1 8.9 10.5 12.5 13s9 14.8 16.2 
14 2.4 2.9 3.9 4.4 5.8 6.9 8.8 9.9 11.7 14.6 16.5 18.0 19.8 
1,5 2.0 2.6 J.6 3.9_~ n4.9 5.4 6.4 7.2 8.4 10.4 12.0 13.5 1~ 
Table 40. CUmulative dry weight neld in grams of bromegrass fo1iase, block 2 
Harvest dates 
Treat- March April April April April April I-tay May May May June June ~une 
ment 2,2 1 8 1~ 22 22 8 1~ 20 2Z 1 10 1Z 
1 2.2 3.7 5.7 6.7 8.6 9.4 10.3 11.2 12.6 13.7 15.1 15.9 16.8 
2 1 . 9 3.0 4.9 6.0 7.5 8.2 9.0 9.5 10.6 11.7 12.8 13.4 14.0 
3 2.0 3.0 4.2 5.0 6.2 6.5 7.0 7.6 8.3 9.0 9.8 10.2 10.5 
4 2.0 3.1 4.9 6.0 7.8 8.8 9.8 10.7 11.9 13.8 14.9 15.8 16.8 
5 2.1 3.2 4.7 5.5 6.5 6.8 7.2 7.5 8.1 9.1 9.9 10.1 10.5 
6 1.8 2.8 ).8 4.3 4.9 5.1 5.4 5.6 6.2 7.0 7.4 7.7 7.9 
\0 
7 2.0 3.1 5.0 6.0 7.5 8.1 8.9 9.7 11.0 12.5 13.7 14.6 15.7 \.A) 
8 1.9 2.9 4.1 5.1 6.3 6.8 7.6 8.4 9.5 10.8 12.0 12.6 13.5 
9 2.0 3.0 4.2 5.0 6.2 6.6 7.1 7.8 8.7 10.1 11.0 11.7 12.3 
10 2.0 3.4 5.2 6.2 7.5 8.4 9.5 10.4 11.9 14.0 15.5 16.4 17.7 
11 2.0 3.0 4.2 5.1 6.3 6.8 7.6 8.4 9.6 10 . 7 11.6 12.2 12.6 
12 1.8 2.8 ).9 4.7 5.9 6.3 6.7 7.1 7.6 8.3 8.9 9.2 9. 4 
13 2.1 2.9 4.1 4.6 5.5 6.0 7.0 7.7 9.2 11.0 12.3 13.0 14.0 
14 2.0 2.4 ).4 3.7 4.3 4.7 5.2 6.0 7.2 8.6 9.7 10.7 11.8 
1,2 2.1 2.9 4.0 _ 4._5 ~ s~s 6.0 6.8 z.7 2.4 11.7 13.3 14.3 15.5 
Table 41 .. Cumulative drz weight zield in ~rams of bromegrass foliage, block 3 
Harvest dates 
Treat- r1arch April April April April April May May May :t-1ay June June ~June 
ment 2,2 1 8 1,2 22 22 8 lJ 20 2Z j 10 lZ 
1 2 .. 0 3.1 4.6 5.6 7.1 8.0 9. 6 10.1 11.2 13.3 14.4 16.1 16.6 
2 1 .. 8 2.8 4.0 5.0 6.9 7.8 9.2 9. 6 10.6 12.0 12.8 13.6 14.6 
3 1~7 2.7 3.8 4.8 5.6 7.1 8.0 8.2 8.9 10 . 0 10.7 11 .. 2 11.7 
4 2. 0 3.0 4.6 5.5 6.5 ?.2 8 . 4 8 .. 8 9 . 6 11.1 12.0 12. 9 13.7 
5 1.7 2.7 3.9 4.7 5.9 6.6 7.8 8.2 8.9 10 . 3 10 . 9 11.7 12. 3 
6 1.8 2.8 3. 9 4.5 5. 3 6 . 2 7. 6 8.0 8.9 10.7 11 .. 6 .2.2 13.1 
\,() 
7 2 ~ 0 3.2 4.7 5.7 6.7 7. 6 10 . 1 10 .. 5 11.5 13.6 14.5 15.4 16.3 ~ 
8 1.9 2.9 4.4 5.2 6. 0 7.0 8 . 5 9.1 10 . 1 12.2 13.0 13.9 14.6 
9 1.8 2.9 4.0 5.0 6.3 7.3 9. 1 9.9 10.8 12.3 13 . 2 14. 0 14.7 
10 2.0 3.3 4.7 5. 7 7. 2 8. 2 9. 9 10 . 3 11 . 3 13.7 14.9 15.9 17.4 
11 1 . 8 3.2 4 . 9 5.9 7.1 8.3 10.1 10.7 11.9 14. 2 15. 1 15 . 9 16.5 
12 1 . 8 2.7 3. 8 4.8 6. 0 7.0 8.6 9. 2 10 . 0 11 . 2 11.7 12.2 12. 6 
13 2. 0 3.0 4.1 5.0 6 . 6 8.2 10 . 8 11.7 13.3 15.9 17. 1 18.8 20 . 4 
14 2. 0 2.4 2.9 3.1 3.7 4.7 6.5 7.2 8.6 11.6 13 . 0 14.3 16.0 
15 2.0 2 • .2_ ~___}~ 4 3.5 4.1 4.4 5.7 -- -- - - ---- ---- - - -- 6 . 1 7.3 9.8 10.8 11.8 12.8 
Table 42. Cumulative fresh weight yield in grams of tall fescue foliage, block 1 
Harvest dates 
Treat- March April Apr!! April April April May May May May June June June 
ment 22 1 8 1,2 22 29 8 12 20 27 3 10 lZ 
1 13.9 24.2 36.9 50.0 65.6 72.1 91.3 97.0 107.0 117.1 122.3 126.8 131.2 
2 13.1 22.0 33.0 43.8 58.0 63.1 76.6 81.2 91.4 98.9 102.4 106.4 110.0 
3 12.0 19.1 28.6 36.5 48.0 51.7 63.4 65.9 72.2 76.5 79.9 83.3 84.9 
4 11.9 19.1 30.7 40.2 5:3.2 59.3 76.4 79.8 89.9 97.5 100.9 102.9 103.7 
5 12.9 20.3 30.0 38.0 46.9 51.4 62.0 65.7 74.1 81.9 85.4 88.8 91.4 
6 12.6 20.7 30.5 :37.3 47.2 53.1 64.4 68.2 75.6 80.9 84.4 87.8 89.7 
\0 
7 12.2 40.6 53.8 68.8 72.6 81.9 89.9 98.1 102.0 
\.]\ 
20.1 31.1 57.9 93.7 
8 12.9 19.6 28.4 36.7 47.2 51.4 63.3 68.0 74.6 82.1 85.2 89.6 92.5 
9 11.5 17.5 24.5 30.7 38.5 43.6 52.7 56.2 62.3 68.4 71.4 74.0 76.1 
10 14.4 23.2 34.2 44.1 59.3 65.3 80.1 85.9 . 98.9 110.0 117.8 124.4 129.7 
11 11.9 19.7 29.1 36.7 48.4 54.1 64.9 67.8 74.3 79.4 82.1 84.7 86.6 
12 11.5 18.0 25.8 32.9 39.4 42.2 46.3 48.6 50.8 53.3 54.5 55.5 56.0 
13 12.0 17.2 25.3 32.2 44.7 51.0 62.4 67.0 75.9 84.9 91.0 94.5 96.6 
14 10.4 13.7 18.6 24.7 34.5 40.3 57.0 61.1 71.0 80.1 85.1 89.0 91.2 
1,!2 10.4 14.2 1_2_.8 25.~- 3~.8- 4!.5 - 56.4 60.1 70.5 79.5 Fj4.7 89.4 92.4 
Table 43. CUmulative fresh weight yield in grams of tall fescue foliage, block 2 
Harvest dates 
Treat- March April April April April April May May May May June June June 
ment 2,2 1 8 12 22 29 8 1~ 20 2Z :2 10 17 
1 14.5 24.1 36.3 46.3 62.3 67.8 77.6 83.3 94.3 101.5 107.9 111.5 114.8 
2 11.2 18.6 26.6 35.4 45.6 49.3 57.6 61.7 68.3 74.3 79.2 81 . 7 84.3 
3 11.6 19.9 28.7 35.6 49.2 53.1 58.6 62.1 70.6 76.0 80.6 82.9 84.5 
4 12.6 21.3 31.4 40.9 55.4 60.5 71.4 76.8 87.0 94.8 102.3 106.0 110.0 
5 14.2 22.9 35.6 45.4 60.2 65.2 74.2 78.8 87.0 92.0 98.0 100.7 102.6 
6 10.3 16.1 23.8 30.8 43.7 47.4 53.2 57.7 63.9 68.5 74.4 77.3 80.3 
\() 
7 13.2 23.3 35.3 46.4 63.6 68.9 78.7 84.9 93.7 100.6 107.1 111.8 114.8 
{)'\ 
8 12.8 20.8 29 .1 36.3 47.9 51.6 58.9 65.6 72.0 78.0 83.6 86.4 90.0 
9 10.7 17.3 25.4 34.8 43.6 46.6 52.8 57.1 63.3 68.2 74.9 78.0 79.8 
10 13.3 22.6 32.6 42.6 59.4 64.1 72.8 79.1 89.2 96.4 105.5 110.7 116.2 
11 11.7 20.4 29.6 38.6 49.8 54.9 61.5 65.9 72.2 78.0 81.8 84.9 87.1 
12 10.6 17.6 25.8 31.5 40.2 43.4 47.4 49.5 52.0 54.2 55.7 57.1 58.0 
13 9.8 15.4 22.2 28.0 41.8 45.3 52.6 57.6 68.8 74.8 81.2 83.7 85.4 
14 7.3 10.2 14.7 20.2 30.8 35.1 43.3 49.1 59.6 66.9 72.8 75.8 79.6 
_12_. __ _2_.5 11.8 _J7.f3 23.1 _33.1 37.4 44.8 50~3 57.7 64.6 71.8 74.7 77.9 
Table 44. Cumulative fresh weight yield in grams of tall fescue foliase, block 3 
Harvest dates 
Treat- March April April April April April May May May May June June June 
ment 25 1 8 15 22 29 8 12 20 27 3 10 17 
1 7.2 18.0 31.3 41.8 56.6 64.1 87.0 92.? 103.8 116.0 121.1 125.3 130.3 
2 14.0 24.2 37.2 50.9 63.9 ?1.0 87 . 8 91.8 103.0 110.8 115.9 122.3 124.5 
3 13.6 23.5 36.5 46.7 58.2 64.0 78.0 81.6 90.6 98.2 102.3 10?.9 109.8 
4 12.3 24.5 40.3 52.8 70.8 80.0 99 .2 103.3 113.4 123.1 127.7 132.5 137.4 
5 12.8 22.6 35.5 46.6 59.6 64.5 81 .1 84.4 94.0 103.5 107.3 113.6 118.2 
6 12.6 23.9 36.4 45.9 58.1 65.3 81 .1 84.3 94.5 101.9 10?.0 111.4 114.7 
"' "'-.J 
7 11.3 19.2 28.1 37.3 50.0 56.6 75.4 79.1 90.0 98.7 104.3 109.3 115.4 
8 10.2 20.2 32.1 42.8 55.1 62.3 78 .2 82.0 90.9 99.5 104.5 108.6 112.2 
9 8.8 17.7 27.9 35.5 47.1 54.1 70.0 74.4 83.8 91.3 96.2 100.4 103.9 
10 11.6 21.0 34.6 45.1 60.3 6?.2 88.4 93.1 106.4 118.2 125.5 135.0 139.9 
11 12.1 20.3 29.6 39.3 49.9 55.0 68.2 71.2 77.2 83.8 87.0 90.3 92.4 
12 9.8 19.4 30.4 38.2 47.2 52.0 60.1 62.4 65.9 69.1 70.4 71.9 72.4 
13 13.8 24.6 35.8 46.2 60.7 67.4 86.2 91.9 104.6 114.5 119.4 123.3 127.2 
14 6.1 10.8 17.1 23.2 32 . 8 39.6 56.3 61.7 72.5 82.9 88.4 93.4 97.3 
12 8.0 12.~ 16.2 2J.1 J1.1 J7.5 ,54.4 58.,5 [l.Q_ 81.Z 87.5_ 9~ .. Q _97.5 
Table 4,2. CUmulative dry wei5ht yield in grams of tall rescue foliage, block 1 
Harvest dates 
Treat- March April April April April April May May May May June June June 
ment 2,2 1 8 1,2 22 22 8 lJ 20 2Z J 10 lZ 
1 2.8 4.6 6.7 8.7 11.5 12.4 15.9 16.8 18.7 20.6 21.6 22.5 23.3 
2 2.8 4.4 6.4 8.2 11.0 11.8 14.0 14.5 16.4 17.9 18.8 19.6 20.1 
3 2.5 3.8 5.7 6.9 9.4 9.9 12.5 12.7 14.0 15.0 15.9 16.6 16.9 
4 2.6 3.8 5.8 7.5 10.2 11.2 14.4 14.8 16.8 17.3 18.2 18.6 18.8 
5 2.8 3.9 5.7 6.9 8.9 9.6 11.6 11.9 13.7 15.2 16.1 16.9 17.4 
6 2.5 3.8 5.8 6.8 8.9 9.8 11.9 12.2 13.9 15.0 16.0 16.8 17.1 
\0 
7 2.5 3.9 5.9 7.1 9.7 10.5 12.3 12.6 14.5 16.1 16.9 17.9 18.5 co 
8 2.9 4.1 5.9 7.0 9.2 9.9 12.3 12.9 14.4 16.1 16.9 17.8 18.3 
9 2.5 3.7 5.2 6.2 8.0 8.6 10.5 10.8 12.6 14.1 15.0 15.7 15.9 
10 2.8 4.) 6.3 7.8 10.6 11.5 14.4 15.1 17.4 19.2 20.8 21.9 22.8 
11 2.6 4.1 6.1 7.5 10.5 11.3 14.2 14.6 16.2 17.4 18.2 18.8 19.0 
12 2.5 3.6 5.4 6.6 8.6 9.0 9.9 10.1 10.6 11.4 11.8 12.2 12.3 
13 2.8 3.8 5.3 6.4 9.) 10.4 12.1 12.9 14.9 16.9 18.3 19.1 19.6 
14 3.0 ).9 5.0 6.2 8.5 9.4 1).2 14.0 16.2 18.6 20.0 20.9 21.4 
1,2 2.8 2·Z 4.9 6.1 8.4 2.6 12.2 1~.2 16.5 18.8 20.2 21.2 21.7 
Table 46. CUmulative dry weight yield in grams of tall fescue foliage, block 2 
Harvest dates 
Treat- March April April April April April May ff].ay May May June June June 
ment 25 1 8 1,2 22 22 8 lJ 20 22 2 10 lZ 
1 2.9 4.4 6.6 8.1 10.9 11.9 1).4 14.2 16.2 17.6 18.7 19.4 20.1 
2 2.) ).4 ;.2 6.4 8.2 8.7 10.1 10.7 11.9 13.1 14.1 14.6 15.0 
3 2.5 4.0 5.9 6.9 9.6 10.1 11.0 11.4 13.2 14.3 15.3 15.8 15.9 
4 2.7 4.3 6 .. 3 8.1 10.5 11.3 13.2 13.9 15.7 17.1 18.4 18.9 19.7 
5 3.0 4.4 6.9 8.7 11.5 12.3 13.8 14.6 16.5 17.6 19.0 19.5 19.8 
6 2.1 3.1 4.8 5.9 8.4 8.9 9.8 10.6 12.0 12.9 14.1 14.6 15.1 
-.() 
7 2.8 4.6 6.7 8.6 10.5 11.3 12.9 13.9 15.7 17.2 18.5 19.3 19.9 
-.() 
8 2.6 4.0 5.8 6.9 9.1 9.6 10.8 12.1 13.6 14.8 16.0 16.4 17.1 
9 2.3 3.4 ;.4 7.1 8.7 9.0 10.2 11.0 12.5 13.6 14.8 15.7 15.9 
10 2.8 4.3 6.3 7.8 10.6 11.2 12.7 13.6 15.6 17.3 18.9 19.8 20.7 
11 2.5 4.3 6.3 8.1 10.) 11.2 12.4 13.0 14.2 15.5 16.4 17.0 17.3 
12 2.4 3.6 5.5 6.5 a.; 9.0 9.8 10.0 10.5 11.0 11.5 11.8 12.0 
13 2.4 3.4 4.9 5.9 9.0 9.6 10.8 11.7 14.1 15.5 17.1 17.7 18.1 
14 2.2 3.0 4.1 5.1 6.3 7.1 8.7 9.6 11.7 13.4 14.7 15.2 15.8 
1,5 2.2 J.4 ~.9 5.9 __ 8.2 8.9 10.4 11.4 13.3 15.1 17.0 17.9 18.7 
Table 47. CUmulative dry weight yield in ~rams of tall fescue foliage, block 3 
Harvest dates 
June Treat- March April April April April April May May May May June June 
ment ~~25 1 8 1~ 22 22 8 12 20 27 3 10 _17_ 
1 2.6 4.4 6.7 8.5 11.0 12.3 16.5 17.2 19.0 21.2 22.3 23.1 23.9 
2 2.8 4.6 6.7 8.7 11.4 12.6 16.1 16.6 18.7 19.4 20.4 21.6 22.0 
3 2.9 4.7 6.9 8.4 11.1 12.1 15.1 15.6 17.4 19.1 20.1 21.3 21.5 
4 2.5 4.5 7.3 9.2 12.6 14. 2 18.0 18.5 20.3 22.2 23.3 24.3 25.3 
5 2.5 4.2 6.7 8.3 10 . 7 11.4 14.8 15.0 16.8 18.6 19.5 20.7 21.5 
6 2.6 4.6 6.7 8.3 10.4 11.7 15.2 15.5 17.5 19.2 20.3 21.3 21.9 ...., 
0 
7 2.2 3.5 5.3 6.5 8.7 9.7 13.3 13.5 15.3 17.0 18.2 19.2 20.2 0 
8 2.2 4.0 6.0 7.6 9.7 10.9 14.6 15.0 16.7 18.8 19.8 20.6 21.4 
9 2.0 3.7 5.8 6.9 9.1 10.4 14.1 14.6 16.5 18.3 19.3 20.2 21.0 
10 2.4 4.0 6.5 8.0 10.6 11.6 15.4 15.8 17.9 19.9 21.2 22.8 23.7 
11 2.5 4.0 6.0 7.6 9.8 10.6 14.1 14.3 15.5 17.0 17.9 18.7 19.2 
12 2.2 4.1 6.4 7.5 9.5 10.4 12.6 12.8 13.7 14.5 14.9 15.3 15.5 
13 2.9 4.9 7.0 8.8 11.8 12.9 16.8 18.6 21.1 23.1 24.1 25.0 25.9 
14 2.0 3.0 4.5 5-5 7.5 8. 7 12.5 13.3 15.4 17.8 19.0 20.2 21.0 
1,2 2.1 2·1 4.2 5. 2 ~--~~ -7~1. ~--'-3 12.6 13.2 15.9 18.2 19.6 20.6 21.7 
101 
APPENDIX B 
Table 48. Inorganic analysis of bromegrass foliage for harvests 1, 2 and 3(H1 ) 
Treat- K p Ca ~Ig Na Si C1 Mn Fe B cu Zn Al Sr Mo Co Ba 
ment ~ ! ~ ~ ~ ~ ~ ;e;em ;e;em E!!! ;e;em ;e;em ;e;em EE!!! ;e;em ;e;em ;e;em 
1 4.23 .78 .89 .37 .07 .05 .70 110 130 85 26 87 76 13 3 5 ? • 
2 4.14 .72 .88 .35 .11 .05 1.02 133 125 84 29 99 86 15 2 4 7 
3 ).59 .67 .?7 . 33 .11 .05 1.25 116 125 89 25 77 77 16 2 3 6 
4 4.08 .69 .81 .36 .07 .06 .72 120 111 76 25 91 80 15 2 2 ? . 
5 3.96 .65 .70 .36 .10 .05 1.12 101 89 65 27 99 66 13 2 3 6 
6 3.47 .61 .62 .38 .11 .04 1.35 119 101 72 27 89 68 12 2 3 6 ..... 
7 3.81 .75 .74 .40 .07 .05 .75 123 101 71 26 91 67 12 2 4 
0 
7 N 
8 3.87 .69 .69 .42 .10 .07 1.20 116 230 90 28 88 91 14 3 3 8 
9 3.88 .64 .61 . 39 .11 .06 1.70 88 133 177 26 92 76 13 2 2 6 
10 4.24 .82 .97 .44 01 .06 • 31 124 136 106 29 80 75 14 3 7 9 
11 4.10 .68 .95 .42 .03 .05 102 122 74 25 85 73 18 2 3 8 
12 3. 76 • 911. 23 .51 01 .07 90 118 111 26 83 76 14 3 3 7 
13 4.42 .65 .77 .33 01 .07 65 96 84 25 66 74 18 1 2 6 
14 4.13 .71 .66 . 35 01 .07 83 106 111 28 80 67 14 2 4 8 
1,2 ). 75 .64 • .5_6 ~~:26~ 01 .07 88 159 84 28 73 59 13 2 3 11 
Table 49. Inorgani c analysis of bromegrass foliage for harvests 4 through 8(H2) 
Treat- K p Ca I~lg Na 31 Cl rm Fe B cu Zn Al Sr Mo Co Ba 
ment ~ - ~ %~ % % % % ppm ppm ppm _ _ppiil ppm ppm ppm .PPM ppm _JlE.m 
1 3.82 .92 • 95 .46 .12 .11 1.12 151 205 106 30 108 138 13 3 7 6 
2 3.37 • 74 .86 .38 .15 .14 1.78 159 203 114 28 97 157 18 2 2 5 
3 3.21 • 71 .94 .40 .16 .13 2.84 159 158 129 30 107 145 17 3 4 6 
4 3.84 • 76 .as .41 .11 .08 1.10 133 127 92 28 92 128 19 2 2 5 
5 3.71 .57 .74 .39 .16 .12 1.88 102 254 79 26 96 150 20 2 1 4 
6 3.60 .64 .64 .38 .16 .11 1.96 138 233 96 31 103 153 14 2 2 5 ...., 
0 
7 3.73 .83 .66 .44 .11 .12 1.07 164 232 105 30 107 142 14 3 2 5 \..t.) 
8 3.87 .74 .68 .47 .12 .15 1.41 138 263 88 30 98 168 14 3 4 5 
9 3.79 .61 .64 .46 .14 .17 1.92 99 156 93 27 99 159 1.5 3 2 .5 
10 4.17 1.00 1.04 .48 .04 .18 .42 161 168 10.5 30 95 1.50 16 3 3 6 
11 4.10 .78 1.23 .51 .03 .12 109 200 83 24 84 145 17 3 3 6 
12 2.13 .48 .84 .35 .03 .07 56 114 41 15 49 88 15 2 2 4 
13 4.82 .72 .68 .)6 .02 .16 101 129 72 25 86 133 16 2 3 5 
14 4.91 .69 .62 .38 .04 .22 102 180 77 2.5 87 140 18 2 2 5 
15 4.05 .56 .55 .40 .0.5 .1.5 70 143 82 23 75 128 18 2 1 4 
Table 50. Inorganic analysis of bromegrass foliage for harvests 9 through 13(H3) 
Treat- K p Ca Ivlg Na Si Cl Mn Fe B Cu Zn Al Sr Mo Co Ba 
ment ! ~ ~ ~ % % ! EI!! PI?! ;e;em ;e;em EEM ;e;em P;em ;e;em ;e;em ;e;em 
1 4.12 .76 .88 .54 .17 .18 1.98 241 165 17 30 121 128 19 3 3 6 
2 3.41 .70 .83 .so .19 .23 2.63 274 200 18 33 131 148 19 3 2 7 
3 3.56 .68 .81 .39 .21 .21 3.22 204 109 16 34 107 116 23 2 1 5 
• 
4 4.14 .?4 .82 . 53 .16 .16 1.65 197 _155 16 31 106 122 16 3 4 6 
5 ).86 .6) .80 .51 .19 .1? 2.76 160 129 1.5 32 118 129 22 2 1 5 
6 3.28 .62 .?2 .57 .20 .23 3.26 219 166 18 3.5 126 149 16 3 2 10 ~ 
7 4.00 .69 . 69 .60 .15 .17 1.60 234 141 17 30 118 117 14 3 4 6 
0 
+:" 
8 3.94 .70 .?3 .65 .1? .16 2.22 212 178 16 31 123 123 13 3 3 5 
9 3.70 .63 .68 .63 .17 .11 2.50 137 121 15 31 116 102 14 3 2 5 
10 4.09 .96 1.11 .65 .06 .14 .48 292 1.50 21 33 136 111 1.5 3 6 7 
11 4.?2 .81 1 . 46 .65 .06 .10 116 131 17 23 74 120 26 4 10 8 
12 4.64 .88 1.53 .60 .10 .13 10? 138 16 24 76 128 19 3 5 7 
13 4.70 .64 • 74 .42 .03 .13 121 107 16 24 78 100 19 2 2 5 
14 4.67 .67 .74 .so .04 .1.5 148 156 16 25 96 106 1.5 3 5 7 
15 3.92 .69 .63 • 48 .02 .17 126 150 17 24 94 99 12 3 4 6 
Table 51. Inorganic analysis of bromegrass roots 
Treat- K p Ca ~Ig Na 31 Cl r-.m Fe B Cu Zn Al Sr Mo Co Ba 
ment ~ % ~ ~ ~ ~ ~ 12:2m ;e;em ;e;em E:e!! ;eom EEm ;e;em EEm EJ2m ~m 
1 3.04 4.40 2.35 .29 .13 .14 .. 37 215 3000 10 280 348 452 . 24 3 5 70 
2 3.10 3.80 1 .72 .28 .17 .17 .59 196 3000 12 300 279 373 32 3 4 68 
3 2.24 3.90 1.77 .27 .17 .25 .92 252 3100 14 340 326 432 32 3 3 83 
4 3.05 3.70 1.53 .29 .14 .21 .45 191 3000 12 310 282 )86 24 3 6 79 
5 3.07 2.90 1.30 .29 .16 .19 .. 80 156 3000 10 370 351 391 25 3 4 59 
6 4.33 4.10 1.82 .38 .19 .17 .86 229 3000 12 450 345 436 29 4 9 72 ...... 
7 3.45 4.00 2.09 .34 .12 .19 .37 148 3000 11 300 336 365 17 4 9 61 
0 
\.1\ 
8 4.14 3.20 1.39 .32 .15 .32 .73 127 3000 10 290 265 404 22 3 6 50 
9 3.20 3.50 1.72 .33 .16 .28 1.00 166 3000 11 390 312 500 27 4 4 52 
10 3.65 4.00 2.29 .27 .10 .10 .33 134 3000 9 260 269 349 31 3 4 55 
11 3.32 5.20 2.80 .25 .06 .14 207 3100 16 400 266 527 38 4 7 109 
12 2.11 5.00 2.47 .29 .07 .21 139 3100 19 330 191 657 33 6 7 128 
13 1.4110.00+7.90 .45 .03 .o1- 309 3000 11 102 255 287 16 4 20 28 
14 1.73 9.8o 6.8o .52 .o1 .03 308 3000 12 131 314 298 13 4 20 45 
1,2 1.65 9.50 5.87 .56 .0_1____&~~- - - .. ~ ... 1QQ() 10 170 295 406 21 4 __ 1._6_ 54 
Table 52 . Inorganic analysis of tal l f escue foliage fo r harves t s 1, 2 and 3 (H1 ) 
Trea t"" K p Ca I1g Na Si Cl .Mn Fe B Cu Zn Al Sr Mo Co Ba 
ment ~ 1> ~ ! % ~ EEm EEm EEm EEm EEm EPm EEm PEm EEm :e:em EEm 
1 4 ~3 2 .60 . 89 . 42 .12 . 06 1 . 04 119 119 53 17 61 92 . 19 2 2 6 
2 3. 87 .66 . 88 .41 .15 . 08 1 . 35 138 162 52 19 72 107 18 3 3 7 
3 3 . 35 . 57 . 78 . 39 . 17 . 09 1.68 136 155 49 18 68 108 14 2 2 5 
4 4 . 12 . 62 • 92 . 4!~ .12 . 07 1 . 07 130 140 49 19 80 98 15 2 2 6 
5 4 . 25 .61 • 79 . 42 .14 .09 1.28 134 167 50 19 69 111 16 2 1 6 
6 4.21 . 69 • 79 . 48 . 16 .. 09 1. 50 136 175 56 20 73 120 17 3 2 6 
~ 
7 4 . 08 .76 1 . 06 .57 . 11 . 10 1 . 00 165 202 61 21 96 128 14 3 4 6 0 (]\. 
8 4.27 .57 • 71 .43 .. 14 .09 1.30 125 159 56 18 67 111 17 2 1 5 
9 4.21 .63 .68 . 46 .15 . 11 1.66 103 203 79 18 72 130 18 2 2 5 
10 4.63 .66 1.06 .45 .,05 . 08 . 34 137 144 68 19 77 101 21 2 1 6 
11 4.56 . 72 1.01 .. 42 . 05 .11 116 158 80 18 72 108 18 2 2 6 
12 4 . 53 .84 1 . 00 .44 .05 . 10 116 133 76 16 75 99 16 2 2 5 
13 4.27 .66 . 77 .36 . 05 ~ 11 79 166 75 19 58 115 15 2 2 7 
14 4 . 26 .59 • 76 • 37 . 06 . 11 89 146 70 22 65 117 19 1 1 6 
1_2 4 .. 18 • 71 .. 77 . !!-_6~ .. Q6 .14 95 206 84 22 73 119 17 2 2 - 7 
Table 53. Inorganic analysis of tall fescue foliage for harvests 4 through 8(H2) 
Treat- K p Ca Mg Na Si Cl Mn Fe B Cu Zn Al sr Mo Co Ba 
ment ~ ~ ~ ~ ! ! % ;e;em :.e.J2m ;e;em :22! :21!! :.e.J2m ;e;em :21?! 22m ;e;em 
1 3.68 .6o 1.16 .sa .17 .25 1.85 160 297 53 19 88 258 . 21 3 2 6 
2 3.50 .59 1.08 .55 .22 .35 3.09 176 290 52 19 91 312 26 3 2 5 
3 3.50 .49 1.04 .53 .23 .29 2.14 183 374 50 19 99 265 29 3 1 5 
4 3.56 .59 1.09 .59 .18 .21 2.01 154 225 46 19 92 225 18 3 2 5 
5 3.56 .57 1.03 .65 .20 .25 2.87 171 271 51 20 85 230 22 3 2 5 
6 4.04 .66 1.20 .64 .19 .24 2.48 184 262 59 19 94 260 22 3 3 5 ..... 
0 
7 4.25 .66 1.06 .73 .17 .20 1.86 182 259 59 19 94 238 19 4 2 5 -....l 
8 4.01 .54 .95 .74 .20 .37 2.75 180 417 53 19 95 326 17 4 3 6 
9 4.11 .48 .81 • 71 .21 .31 3.45 146 294 48 17 85 258 19 4 2 5 
10 3.81 .61 1.34 .65 .15 .30 1.30 204 256 55 20 104 270 21 3 3 7 
11 4.22 1.08 1.92 .91 .08 .20 189 301 65 17 98 236 27 4 4 7 
12 4.44 1.53 2.07 .95 .07 .22 181 264 65 16 101 241 25 5 4 7 
13 3.83 .62 1.01 .so .05 .31 101 295 57 17 71 283 15 3 4 7 
14 3.97 .57 .92 .51 .08 .45 104 507 53 16 81 376 19 3 2 6 
15 4.00 .56 .79 .56 .06 .32 93 307 52 17 92 315 19 3 2 6 
Table 54. Inorganic analysis of tall fescue foliage for harvests 9 through 13(H3) 
Treat- K p Ca Mg Na Si C1 Mn Fe B cu Zn A1 Sr Mo Co Ba 
ment ~ ~ ! ! ! ~ ;e;em ;e;em 212m ;e;em ;e;em ;e;em J2J2M ;e;em ~m ;e;em 122m 
1 3.44 .68 1.48 .75 .19 .22 2.32 280 155 16 21 130 162 . 24 4 4 6 
2 3.02 .57·1.19 .58 .22 .29 3.54 260 173 15 20 144 188 24 3 3 7 
3 2.92 .54 1.24 .59 .24 .31 5.29 296 178 15 21 156 209 28 3 3 7 
4 3.78 -57 1.15 .65 .19 .16 2.29 212 138 13 19 114 145 20 3 2 5 
5 3.60 .55 1.33 .78 .22 .28 3.52 245 450 16 22 116 190 23 4 5 6 
6 3.90 .51 1.16 .74 .23 .30 4.66 276 152 15 21 143 185 27 3 2 5 
t-1 
7 4.23 .65 1.33 .93 .18 .19 2.20 253 154 16 21 127 153 20 4 6 6 0 co 
8 4.14 • 51 1. 21 • 88 • 21 .14 3.62 246 127 15 18 126 142 23 4 2 5 
9 4.21 .52 1.28 .93 .21 .18 3.43 240 176 14 19 131 166 21 4 5 6 
10 4.05 .75 1.47 .73 .07 .14 .64 255 133 14 19 131 141 19 4 3 6 
11 4.89 1.39 1.92 .91 .06 .13 258 136 17 16 111 137 23 5 7 7 
12 5.16 1.66 2.39 .98 .07 .12 231 160 18 14 101 144 20 5 12 8 
13 3.80 .60 .93 .51 .07 .21 121 199 15 17 90 166 17 3 2 5 
14 ).87 .61 .81 .53 .06 .24 140 209 14 16 85 186 15 3 3 6 
12 ~.98 .,24 • 76 • 5.7 .10 .24 128 !22__ _!3_~ 7 _ _ 103 l85 17 3 2 6 
Table 55. Inorganic analysis of tall fescue roots 
Treat- K p Ca Mg Na Si Cl Mn Fe B cu Zn Al Sr Mo Co Ba 
ment ! ~ % ~ ! ! ! :E:Em :EEm :EEm :E:Em :EEm ;E;em E:Em :EI!! E:Em EE.m 
1 1.83 4.30 2.76 .37 .14 .26 .70 455 3100 17 370 370 539 33 5 11 117 
2 1.47 2.70 1.36 .21 .15 .40 .59 461 3100 14 370 360 504 22 3 4 108 
3 1 . 35 3.80 1.97 .24 .16 .28 .87 513 3100 15 320 400 478 25 4 4 94 
4 1.53 3.90 2.27 .23 .12 .31 .40 290 3100 17 365 381 471 30 4 6 119 
5 2.01 3. 20 1.85 .25 .14 .39 .68 488 3000 15 410 393 552 28 4 4 122 
6 2.10 2.70 1.64 .24 .16 .48 .81 372 3100 12 350 355 545 28 3 4 80 
~ 
7 1.99 4.70 2.74 .28 .13 .51 .45 363 3100 16 390 383 703 41 4 117 
0 
5 '-0 
8 2.28 2.70 1.39 .26 .14 .57 .70 357 3000 13 370 360 573 24 4 4 92 
9 2.48 2.46 1.46 .25 .15 .39 1.07 347 3000 10 330 378 535 26 3 4 58 
10 2.62 3.20 1.97 .24 .07 .18 .21 201 3000 12 250 319 412 28 3 7 90 
11 1 . 57 4.00 2.11 .25 . 07 .53 160 3100 19 370 291 657 27 8 5 129 
12 0.87 4.50 2.35 .27 .04 .71 130 3100 24 250 236 720 20 17 8 128 
13 0.73 9.8o 6.8o .41 .o4 .o6 277 3000 9 98 205 311 27 3 20 34 
14 1.11 1o.oo+8.1o .6o .07 .o4 344 3000 13 110 270 328 20 5 20 36 
15 ___ ()~9~ 5~60~).23 .52 .05 . 29 234 3100 17 191 310 521 18 5 - 2~ ~_2§_ 
